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Description 

The present invention relates to a biological de- 
tecting system and a fingerprint collating system em- 
ploying that biological detecting system, as well as to 
a fingerprint image input apparatus. 

The increasing growth and use of information 
systems has raised a problem of how to maintain the 
security of such systems. Currently, as one means of 
identifying a person allowed to use the information 
system, an ID card is employed, but the ID card is 
easily lost or stolen. Also, it is relatively simple to ob- 
tain a code number of the ID card using known infor- 
mation about the owner of the card. Accordingly, as 
a substitute for the ID card, use is made of finger- 
prints, since these are different for each person and 
do not change during a person's life time, and there- 
fore, various simple individual collating apparatuses 
for fingerprints and fingerprint collating system have 
been developed. In the fingerprint collating systems, 
a fingerprint is handled as an image, and therefore, 
in this kind of system an input apparatus must be pro- 
vided for converting a detected image of the finger- 
print into image data. 

Figure 32 is a schematic view of a typical ar- 
rangement of a fingerprint image input apparatus. In 
the operation of this apparatus, a finger 70 is placed 
in contact with a transparent member 71 , and the fin- 
ger is illuminated as indicated by the arrows. Among 
light scattered from ridges (projecting portions) of a 
fingerprint, components (indicated by dotted lines) 
thereof that are totally reflected by interfaces of the 
transparent member are collected by an optical sys- 
tem 72 to form an image, and a photodetector 73 such 
as a charge-coupled-device (CCD) is used to obtain 
an image of the ridge pattern. 

Nevertheless, a replica having the same irregular 
pattern as the pattern of a previously registered fin- 
gerprint can be produced, and can be used for the fin- 
gerprint collation, and thus the system security is not 
foot- proof. Accordingly, there is a need for a mecha- 
nism capable of judging whether the irregular pattern 
of a sample in contact with the fingerprint image input 
apparatus originates from a genuine finger (a biolog- 
ical object) or from a replica (a non-biological object), 
i.e., a biological detecting mechanism is required. 

An example of a proposed biological detecting 
system is shown in Fig. 33. This first proposed exam- 
ple is an optical system utilizing a phenomenon that 
an amount of light transmitted through a human body 
will be changed by a pulsation of the human body. 
Namely, the transparency to light of a finger 80 under 
a red light from a light source 81 is changed in the 
same cycle as that of the pulsation of the human 
body, and this cycle of change of the transparency is 
detected by a photodetector 82 to determine whether 
or not the sample is a biological object. 

Another system (second proposed example) is 
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shown in Fig. 34. This is an electrical system utilizing 
a difference between the resistance value of a finger 
and the resistance value of a replica. On a surface (a 
hatched portion), with which contact is made by a f in- 
5 ger, are arranged transparent electrodes 91 and 92 
for measuring a resistance value of the finger and the 
measured value is compared with a preset resistance 
value of a replica to determine whether or not the fin- 
ger is a biological object. In this case, a fingerprint im- 

10 age input apparatus receives an image of the finger- 
print to be compared and judged, together with im- 
ages of the electrode patterns. 

According to the first proposed example, a time 
of several seconds or more is needed to detect the 

15 pulsation, and therefore, to perform a biological de- 
tection, the finger must be kept in contact with the fin- 
gerprint image input apparatus for the time neces- 
sary to detect the pulsation. This is disadvantageous 
in that, if the contact by a sample is broken before that 

20 time has elapsed, it is impossible to determine wheth- 
er or not the sample is a biological object. 

The second proposed requires only a short time 
for carrying out the biological detection, but the elec- 
trode patterns may disturb an image of the f inger- 

25 print Therefore, although the biological detection can 
be carried out without hindrance, it may be difficult to 
carry out the fingerprint collation after the biological 
detection is effected. Further, the resistance value of 
a human finger may vary in accordance with a pres- 

30 sure applied and the presence of perspiration on the 
skin. To cope with this problem, the allowable resis- 
tance value must be very large, but if the allowable re- 
sistance value is large, a difference between a refer- 
ence value and the resistance value of the replica be- 

35 comes smaller, and thus it becomes difficult to carry 
out the comparison and determination in the biologi- 
cal detection. Also, it would be possible to provide a 
replica with the same resistance value as a human 
finger, and thus the security of system could be com- 

40 promised. 

Therefore, in view of the above problems , it is de- 
sirable to provide a biological detecting system that 
cannot be influenced by the conditions of a sample 
and can instantaneously determine whether or not the 

45 sample is a biological object. 

It is also desirable to provide a system for collat- 
ing a fingerprint by employing such a biological de- 
tecting system. 

EP-A-0 194 783 by the present applicant disclo- 
se? ses an uneven-surface data detection apparatus 
which employs, to detect a living body, the change in 
reflectance of human skin when pressed against a 
plate. 

The present invention is based on the phenomen- 
55 on that, when the surface of a sample is irradiated 
with a spot of light, the condition of a shine of the sur- 
face is peculiar to that sample. Namely, if the sample 
is a biological object (a finger), not only does shine oc- 
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cur at an irradiated portion of the finger, due to reflec- 
tion, but aiso at the periphery of the irradiated portion 
because the irradiated light is propagated and dif- 
fused inside the finger and is reflected and scattered 
within the finger. On the other hand, if the sample is 
not a biological object (for example, if the sample is a 
replica made of silicon-(Si) based rubber), shine oc- 
curs only in a region very close to an irradiated por- 
tion, due to reflection and scatter. 

Therefore, if an irradiated point of a sample is set 
as an object point of an imaging optical system, the 
size of the object point varies in accordance with 
whether or not the sample is a biological object Also, 
the size of an image of the sample to be formed varies 
in accordance with whether or not the sample is a bio- 
logical object. Therefore, by detecting the size of the 
image and comparing it with a reference value, it is 
possible to determine whether or not the sample is a 
biological object. 

According to a first aspect of the present inven- 
tion there is provided a biological detecting system 
comprising :- 

a light source; 

a condensing optical system for condensing a 
light beam from the light source and irradiating the 
surface of a sample to be detected with a spot of light; 

an imaging optical system for condensing light 
reflected and scattered by an irradiated portion of the 
sample and forming an image of the irradiated portion 
at a predetermined location; 

photodetector means arranged at said prede- 
termined location to detect said image; and 

means for detecting the size of the image of 
the light reflected and scattered from the irradiated 
portion and outputting a detection signal indicating 
the detected size, so that the sample can be deter- 
mined to be a biological object or a replica. 

According to a second aspect of the invention, 
there is provided a biological detecting system com- 
prising:- 

a light source; 

a condensing optical system for condensing a 
light beam from the light source and irradiating the 
surface of a sample to be detected with a spot of light; 

an imaging optical system for condensing light 
reflected and scattered by an irradiated portion of the 
sample and forming an image of the irradiated portion 
at a predetermined location; 

photodetector means arranged at the prede- 
termined location to detect said image; and 

means for detecting the size of the image of 
the light reflected and scattered from the irradiated 
portion as well as detecting whether the center of a 
region of the sample where the irradiating light beam 
is reflected and scattered is displaced from a center 
of the irradiated portion, and outputting a detection 
signal indicating the size of the image and the pres- 
ence or absence of the displacement, so that the sam- 
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pie can be determined to be a biological object or a 
replica in accordance with the detection signal output. 

If the scattering light is polarized in a predeter- 
mined direction, the light intensity of a component in 
5 the polarization direction will vary in accordance with 
whether the sample is a biological object (a finger) or 
a non-biological object (a replica). Therefore, by com- 
paring and discriminating polarization states based 
on the light intensity of components in the polariza- 
w tion direction, it is possible to determine whether or 
not the sample is a biological object. 

According to a third aspect of the invention, there 
is provided a biological detecting system com prising :- 
a light source; 

15 a first optical system for linearly polarizing and 

condensing a light beam from the light source to ir- 
radiate the surface of a sample to be detected with a 
spot of light; 

a second optical system for condensing light 

20 reflected or scattered by an irradiated portion of the 
sample and polarizing the condensed light in at least 
one predetermined polarization direction; 

photodetector means for detecting the intensi- 
ty of the polarized light from said second optical sys- 

25 tern; and 

means for outputting a detection signal indicat- 
ing a polarization state based on the detected light in- 
tensity of the polarized light detected by said photo- 
detector means, so that the sample can be deter- 

30 mined to be a biological object or a replica according 
to the detection signal. 

The present invention also provides a fingerprint 
collating system comprising a biological detecting 
system based on any one of the first to third aspects. 

35 Here, only when a sample is a finger does the finger- 
print collating system convert a pattern of the finger 
into image data and compare the converted image 
data with previously registered image data of a finger- 
print, to identify the sample. 

40 The first and second aspects mentioned in the 

above utilize a phenomenon whereby, when the sur- 
face of a sample is irradiated with a spot of light, a 
shine of the surface is peculiar to that sample. Based 
on this concept, the size of an image of the sample is 

45 detected, or it is determined whether or not the center 
of a region of the sample where reflection and scat- 
tering occur is displaced from the center of an irradi- 
ated portion of the sample, and thus it is determined 
whether the sample is a biological object (a genuine 

so finger) or a non-biological object (a replica). The third 
aspect utilizes a phenomenon whereby, when the 
surface of a sample is irradiated with linearly pola- 
rized light, polarization characteristics of light reflect- 
ed and scattered by the surface are essentially differ- 

55 ent, depending on whether the sample is a human fin- 
ger or a replica. Namely, based on the light intensity 
of polarization directional components, polarization 
states are compared with a reference value to deter- 
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mine whether or not the sample is a biological object. 

As described above, the biological detecting sys- 
tem of the invention can instantaneously determine 
whether or not a sample is a biological object, without 
being influenced by conditions of the sample (such as 
perspiration, pressure applied, and a time for which 
the sample is in contact with a detecting system). 

According to a fourth aspect of the present inven- 
tion there is provided a fingerprint image input appa- 
ratus as defined in claim 12. 

Reference is made, by way of example, to the ac- 
companying drawings in which:- 

Fig. 1 is a view showing the principle of a biolog- 
ical detecting system according to a first aspect 
of the present invention; 

Fig. 2 is a view showing the principle of a biolog- 
ical detecting system according to a second as- 
pect of the present invention; 
Fig. 3 is a view showing the principle of a biolog- 
ical detecting system according to a third aspect 
of the present invention; 

Figs. 4A to 4C are views showing an embodiment 
according to the first aspect shown in Fig. 1, 
wherein Fig. 4Ais a top view, Fig. 4B a view taken 
along an arrow B, and Fig. 4C a view taken along 
an arrow C; 

Fig. 5 is a circuit diagram showing a typical exam- 
ple of the arrangement of a photodetector of Fig. 
4; 

Figs. 6A to 6F are views explaining the principle 
of the biological detection used in the embodi- 
ment of Fig. 4; 

Fig. 7 is a view showing the relationship between 
an output level of the photodetector of Fig. 5 and 
the determination levels of biological and non- 
biological objects; 

Fig. 8 is a flowchart showing the process of the 
biological detecting and fingerprint collating op- 
erations in a fingerprint collating system to which 
the embodiment shown in Fig. 4 is applied; 
Fig. 9 is a view showing an embodiment accord- 
ing to the second aspect of the present invention 
shown in Fig. 2; 

Fig. 1 0 is a circuit diagram showing a typical ex- 
ample of the photodetectors and comparator cir- 
cuit shown in Fig. 9; 

Figs. 11 A to 11 D are views explaining the princi- 
ple of the biological detection used in the embodi- 
ment of Fig. 9; 

Fig. 1 2 is a view showing an embodiment accord- 
ing to the third aspect of the present invention 
shown in Fig. 3; 

Fig. 13 is a view explaining the principle of the 
biological detection used in the embodiment of 
Fig. 12; 

Fig. 14 is a view showing a modification of the 
embodiment of Fig. 12; 

Fig. 15 is a view explaining the principle of a fin- 
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gerprint input apparatus according to an embodi- 
ment of the present invention; 
Fig. 16 is a view showing a more concrete em- 
bodiment of the apparatus of Fig. 15; 
5 Figs. 17 and 18 are views explaining the two 

ways of using a grating lens, respectively; 
Fig. 19 is a view showing a modification of the 
embodiment of Fig. 16; 

Fig. 20 is a view showing a modification of the 
10 embodiment of Fig. 19; 

Fig. 21 is a schematic view of a biological discrim- 
inating system according to an embodiment of 
the present invention; 

Fig. 22 is a graph showing the relationship be- 
ts tween the diameter of spots of light and reflection 
tendency values; 

Fig. 23 is a schematic view of a biological discrim- 
inating system which is useful for understanding 
the present invention; 

20 Fig. 24 is a view showing the relationships be- 

tween the linear light P and a finger; 
Figs. 25A and 25B are views showing a principle 
of a fingerprint image input apparatus according 
to an embodiment of the present invention; 

25 Fig. 26 is a block diagram of a fingerprint image 

input apparatus shown in Figs. 25A and 25B; 
Fig. 27 is an enlarged view of a part of Fig. 26; 
Fig. 28 is an explanatory view of a photodetector 
(CCD) used in the apparatus shown in Fig. 26; 

30 Fig. 29 is a schematic view of shapes of video sig- 

nal outputs of lines A and B shown in Fig. 28; 
Fig. 30 is a view similar to Fig. 26 according to an- 
other embodiment of the present invention; 
Fig. 31 is an enlarged view of a part of Fig. 30; 

35 Fig. 32 is a side schematic view of the arrange- 

ment of a typical fingerprint image input appara- 
tus; 

Fig. 33 is a view explaining a biological detecting 
system according to a prior proposal; 
40 Fig. 34 is a view explaining a biological detecting 

system according to another prior proposal; and 
Fig. 35 is a view explaining problems of the prior 
proposed systems. 

Figure 1 shows a principle of a biological detect- 
45 ing system according to the first aspect of the present 
invention, which comprises a light source 1 and a con- 
densing optical system 2 for condensing a light beam 
Li from the light source and irradiating the surface of 
a sample 5 to be detected with a spot of light. The de- 
50 tecting system also comprises an imaging optical sys- 
tem 3 for condensing light L 2 reflected and scattered 
by an irradiated portion of the sample 5 and forming 
an image of the irradiated portion at a predetermined 
location and photodetector means 4 arranged at the 
55 predetermined location to detect the size of the image 
of the irradiated portion and output a detection signal 
indicating the detected size of the image. A deter- 
mination of whether or not the sample is a biological 
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object is made in accordance with the detection signal 
output from the photodetector means. 

When the surface of a sample 5 is obliquely irra- 
diated with a spot of light, and if the sample 5 is a gen- 
uine finger, the irradiated light is diffused inside the 5 
finger so that the center of a region of the finger from 
which the irradiated light is reflected and scattered is 
displaced from the center of an irradiated portion of 
the finger. Conversely, if the sample is a replica, the 
irradiated light is not propagated and diffused inside 10 
the replica, and thus the displacement does not occur. 

Therefore, by detecting the size of an image of 
the sample and the presence or absence of displace- 
ment, it can be determined whether or not the sample 
is a biological object. 15 

Accordingly, the second aspect of the present in- 
vention, as shown in Fig. 2, provides a biological de- 
tecting system comprising a light source 1 , a con- 
densing optical system 2 for condensing a light beam 
L 1 from the light source and irradiating the surface of 20 
a sample 5 to be detected with a spot of light, an im- 
aging optical system 3 for condensing light L 2 ' reflect- 
ed and scattered by an irradiated portion of the sam- 
ple 5 and forming an image of the irradiated portion 
on a predetermined location, and photodetector 25 
means 4A arranged at a predetermined location to de- 
tect the size of the image of the irradiated portion and 
to determine whether or not the center of a region 
R of the sample at which the irradiated light beam is 
reflected and scattered is displaced from the center 30 
C 2 of the irradiated portion, and output a detection sig- 
nal J 2 indicating the size of the image and the pres- 
ence or absence of displacement. A determination of 
whether or not the sample is a biological object is 
made in accordance with the detection signal output 35 
from the photodetector means. 

In addition, when a spot of light is linearly pola- 
rized to irradiate the surface of a sample, the irradiat- 
ed light is reflected by the sample, and if the sample 
is a finger, the irradiated light is also reflected and 40 
scattered inside the finger to provide scattering light 
having components with various polarization direc- 
tions. 

A biological detecting system according to a third 
aspect of the present invention, as shown in Fig. 3, 45 
comprises a light source 1; a polarizing and condens- 
ing optical system 2Afor linearly polarizing and con- 
densing a light beam Li from the light source 1 to ir- 
radiate the surface of a sample 5 to be detected with 
a spot of light; a condensing and polarizing optical so 
system 3A for condensing light L 2 " reflected and scat- 
tered by an irradiated portion of the sample and po- 
larizing the condensed light in a predetermined direc- 
tion; and a photodetector means 4B for detecting the 
intensity of a polarized component of the polarized 55 
light L 3 and outputting a detective signal J 3 indicating 
a polarization state based on the detected light inten- 
sity of the polarized light. A determination of whether 
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or not the sample is a biological object is made in ac- 
cordance with the detection signal output from the 
photodetector means. 

Figures 4A and 4B show an embodiment accord- 
ing to the first aspect (Fig. 1) of the present invention, 
wherein Figure 4A is a top view, Fig. 4B is a side view 
taken along an arrow B of Fig. 4A to show an imaging 
optical system for forming the image of a fingerprint, 
and Fig. 4C is a side view taken along an arrow C of 
Fig. 4Ato show an optical system for detecting a bio- 
logical object according to this embodiment. The sys- 
tem shown in Figs. 4A - 4C constitutes part of a fin- 
gerprint image input apparatus of a fingerprint collat- 
ing (checking or verifying) system. 

In Figs. 4A- 4C, 1 0 represents a finger (a genuine 
finger or a replica made of silicon based rubber) as a 
sample; 11a light emitting diode (LED) employed as 
a finger irradiating light source used to form an image 
of the fingerprint; 12 a charge-coupled-device (CCD) 
employed as a fingerprint image detecting element 
for generating an electric signal indicating the image 
of a fingerprint in response to light corresponding to 
the image of the fingerprint; 13a semiconductor laser 
(or LED) employed as a light source for detecting a 
biological object; and 14 a photodetector having a 
light receiving area divided into a plurality of regions. 
An output of the photodetector 14 is represented by 
V L . 

Further, 20 denotes a transparent light guiding 
board having four diagonal cut faces 21 to 24, cut di- 
agonally in a cross-sectional direction. A lens 21a is 
adhered to the diagonal cut face 21 to focus a light 
beam from the semiconductor laser 13, and a lens 
22a is adhered to the diagonal cut face 22 to focus a 
light beam emitted from the light guiding board 20 
onto a light receiving face of the photodetector 14. 
The diagonal cut faces 21 and 22 are cut on opposite 
sides of the light guiding board 20 such that a light 
beam focused by the lens 21 a is totally and repeated- 
ly reflected in the light guiding board 20, reflected and 
scattered by a portion at which the finger 1 0 is in con- 
tact with the light guiding board 20, and passed 
through the lens 22a to finally reach the light receiving 
face of the photodetector 14. Thediagonal cut face 24 
forms a mirror face, and an opening diaphragm por- 
tion 25 Is formed on one side face of the light guiding 
board 20 facing the diagonal cut face 24. A lens 26 is 
adhered to the opening diaphragm portion 25 to focus 
a light beam emitted from the light guiding board 20 
onto a light receiving face of the CCD 12, and in this 
case, the diagonal cut face 24 is shaped such that a 
light beam emitted from the light source (LED) 11 and 
reflected and scattered by the finger 10 is totally re- 
flected by the bottom face of the light guiding board 
20 and reflected by the mirror face 24, to be made in- 
cident on the light receiving face of the CCD 12 
through an opening of the opening diaphragm portion 
25 and the lens 26. 
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Figure 5 shows an example of the photodetector 
shown in Fig. 4. 

The photodetector 14 comprises a light receiving 
element having a light receiving face 14a divided into 
three light receiving regions Pi , P 2 , and P 3 ; an opera- 5 
tional amplifier 1 5 having a gain of k (constant) for op- 
erating (amplifying) a total of optical outputs S t and 
S 3 corresponding to amounts of light received by the 
light receiving side regions P, and P 3 ; and an opera- 
tional amplifier 1 6 for operating (outputting) a differ- 10 
ence between an output of the operational amplifier 
15 and an optical output S 2 corresponding to an 
amount of light received by the light receiving central 
region P 2 . The constant k is a coefficient for correct- 
ing a difference between (S^ + S 3 ) and S 2 . Therefore, 15 
an output V L of the photodetector 14 is expressed as 
"k (S, + S 3 ) - S 2 ". 

In the figure, a hatched portion 17 indicates an 
image of the finger 10, which image is obtained by a 
light beam emitted from the semiconductor laser 13. 20 
The light beam is irradiated on the finger 1 0 and is re- 
flected and scattered by the finger 10 to form the im- 
age on the light receiving face 14a of the photodetec- 
tor. 

The operation (biological detection) of the em- 25 
bodiment of Fig. 4 will be explained with reference to 
Fig. 6. 

Figure 6A shows a typical fingerprint of a genuine 
finger. Fig. 6B shows a typical fingerprint of a replica, 
Fig. 6C is a light intensity distribution diagram taken 30 
along a line A- A' of an irradiated portion of Fig. 6A, 
Fig. 6D is a light intensity distribution diagram taken 
along a line B-B' of an irradiated portion of Fig. 6B, 
Fig. 6E shows a typical image appearing on the light 
receiving face 14a of the photodetector of Fig. 6A, and 35 
Fig. 6F shows a typical image appearing on the light 
receiving face 14a of the photodetector of Fig. 6B. 

If the finger 10 is genuine, shine occurs not only 
at the irradiated portion of the finger due to reflection, 
but also at the periphery of the irradiated portion, be- 40 
cause the irradiated light is propagated and diffused 
inside the finger and is reflected and scattered in the 
finger, as described before. Namely, as indicated by 
a broken line F in Fig. 6C, a flare occurs, and as a re- 
sult, portions of the image appearing on the light re- 45 
ceiving face 14a of the photodetector that extend over 
the light receiving side-regions P, and P 3 as indicated 
by a hatched portion in Fig. 6E, will increase, and ac- 
cordingly, the photodetector 14 will provides an out- 
put V L that extends toward a positive (+) side (Fig. 5). so 

If the finger 10 is a replica, however, shine will oc- 
cur at only a portion thereat quite close to the irradi- 
ated portion, due to reflection and scattering; i.e., 
flare does not occur, and as a result an incidence ratio 
on the light receiving region P 2 of an image appearing 55 
on the light receiving face 14a of the photodetector 
will increase, as shown in Fig. 6F, and therefore an 
output V L of the photodetector 14 is reduced and 
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moved toward a negative (-) side. 

In this embodiment, a gap between the photode- 
tector 1 4 and the light guiding board 20, the positional 
relationships of the respective components, and the 
sizes of the respective light receiving regions P 1p P 2 , 
and P 3 of the photodetector 14 are set such that the 
output V L of the photodetector 14 will be positive 
when the sample is a genuine finger but will be neg- 
ative when the sample is a replica (Fig. 7). 

As described above, the embodiment of Fig. 4 
can instantaneously determine, based on the positive 
or negative state of the signal V L output from the pho- 
todetector 14, whether the finger 1 0 is a genuine fin- 
ger (a biological object) or a replica (a non- biological 
object). 

According to the embodiment of Fig. 4, light is ob- 
liquely irradiated on a contacting face of the finger, 
and light obliquely reflected by the finger is detected, 
but a half mirror, for example, may be employed in- 
stead to make light incident from just below the con- 
tacting face of the finger and detect light reflected by 
the finger toward just below the finger. 

The biological detecting system explained above 
can be assembled in a fingerprint image input appa- 
ratus of a fingerprint collating system. The operation 
processes of the biological detection and fingerprint 
collation in a fingerprint collating system employing 
the embodiment shown in Fig. 4 will be explained with 
reference to Fig. 8. 

First, in step 31 , an initial setting is made, i.e., the 
semiconductor laser (LD) 13 for detecting a biological 
object is turned ON. Then, the semiconductor laser 
13 emits a light beam which passes through the lens 
21a and is made incident on the light guiding board 
20. This light beam is totally and repeatedly reflected, 
passed through the lens 22a, and focused on the light 
receiving face 14a of the photodetector 14. A light 
path shown in Fig. 4(A) extending from the semicon- 
ductor laser 13 to the photodetector 14 is only an ex- 
ample, and it will be apparent to a person skilled in the 
art that many light paths other than the above- 
mentioned light path can be adopted. 

In step 32, the sample, i.e., the finger 10, is posi- 
tioned at a predetermined point on the light guiding 
board 20, and in step 33, it is determined whether the 
output level V L of the photodetector is positive or neg- 
ative, by a fingerprint collating apparatus (not shown) 
that determines the output level V L of the photodetec- 
tor 14. If the output level V L of the photodetector is 
negative, it is determined in step 34 that the sample 
is a non-biological object (a replica) and the following 
fingerprint collation processes are not executed. 
Namely, the process flow is terminated (END). 

If the output level V L of the photodetector is pos- 
itive, at step 35 the fingerprint collating system deter- 
mines that the sample is a biological object (a genuine 
finger) and outputs a control signal indicating that de- 
termination to a fingerprint image input apparatus 
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(the biological detecting apparatus). The biological 
detecting apparatus receives the control signal, and 
in step 36 turns ON the fingerprint collating LED 11, 
and light emitted from the LED 11 is passed through 
the orthogonal cut face 23 and made incident on the 
light guiding board 20. This light is reflected by a con- 
tacting face of the finger and totally reflected by the 
bottom face of the light guiding board 20, as indicated 
by a broken line of Fig. 4B, and then the light is reflect- 
ed by the mirror face 24 and propagated in the light 
guiding board 20. The light is then passed through the 
opening of the opening diaphragm portion 25 and the 
lens 26 and focused on the light receiving face of the 
CCD 12. In Fig. 4A, a light path from the LED 11 to 
the CCD 12 is only an example, and light paths other 
than this light path can be used. 

In step 37, the fingerprint image input apparatus 
picks up a fingerprint image formed on the CCD 12 
and converts that fingerprint image into image data, 
and in step 38, the fingerprint collating apparatus 
compares the image data with previously registered 
image data of a fingerprint, to identify the fingerprint. 
Then in the final step 39, the system is controlled ac- 
cording to a result of the fingerprint collation. For ex- 
ample, in a system for controlling the entry of person- 
nel into a computer room, if the fingerprint of a person 
is found to be not authentic, the system prohibits the 
entry of that person to the computer room. 

If the fingerprint collating LED 1 1 is turned ON in 
step 36, this may cause noise affecting the biological 
detecting system. Therefore, the light emission for the 
biological detection and the light emission for finger- 
print collation are preferably carried out in time series, 
but the biological detection (steps 31 to 33 and 35), 
fingerprint illumination (step 36), and fingerprint im- 
age picking up (step 37) must be carried out within a 
short time of, for example, several 10 ms. This will 
prevent an illegal action such as replacement of a fin- 
ger with a replica after completion of the biological de- 
tection. 

Figure 9 shows an embodiment according to the 
second aspect (Fig. 2) of the present invention. 

In Fig. 9, 40 denotes a finger (a genuine finger or 
a replica) as a sample; 41 a semiconductor laser (or 
LED) as a light source for detecting a biological ob- 
ject; 42 a condensing optical system (a lens) for con- 
densing a light beam from the light source 41 and ir- 
radiating the surface of the finger 40 with a spot of 
light; 44 an imaging optical system (a lens) for con- 
densing light reflected and scattered by the surface 
of the finger and forming an image of an irradiated 
portion of the finger at a predetermined location; 45a 
and 45b photodetectors disposed at predetermined 
positions; and 46 a comparator circuit. The compara- 
tor circuit 46 responds to optical outputs Sa and Sb 
corresponding to amounts of light made incident on 
the respective light receiving faces Pa and Pb (Fig. 
1 0) of the photodetectors 45a and 45b, compares the 



optical outputs with a reference value, for a collation 
thereof, and outputs a detection signal V L1 indicating 
whether the finger 40 is a genuine finger or a replica. 
In Fig. 9, among paths of light reflected by a con- 

5 tacting portion of the finger to the respective light re- 
ceiving faces of the photodetectors 45a and 45b, a 
light path indicated by a continuous line is that formed 
when the finger 40 is a non-biological object (a repli- 
ca). Further, a region R of the finger 40 indicated by 

10 a broken line is a region at which the Irradiated light 
is reflected and scattered due to a propagation and 
diffusion of the irradiated light in the finger, and this 
region appears only when the finger 40 is a biological 
object (a genuine finger). Therefore, in such a case, 

15 the center of the region R is displaced from the center 
of an original irradiated portion, and accordingly, 
paths of light reflected by the finger contacting por- 
tion to the light receiving faces of the respective pho- 
todetectors 45a and 45b will expand relatively in the 

20 cross sectional direction, as indicated by broken 
lines. 

Figure 10 shows typical examples of the photo- 
detectors and comparator circuit shown in Fig. 9. 
In Fig. 10, the photodetector 45a outputs an opt- 

25 ical output Sa corresponding to an amount of light 
made incident on the light receiving face Pa, and this 
output Sa is input to a comparator 46a. The compar- 
ator 46a compares a level of the input signal Sa with 
a predetermined level Vthi , and outputs a signal "1" 

30 if SaWth! is satisfied, or if Sa^Vthi is satisfied, out- 
puts a signal H 0 R . Similarly, a comparator 46b com- 
pares the level of an optical output Sb that corre- 
sponds to an amount of light made incident on the 
light receiving face Pb of the photodetector 45b with 

35 the predetermined level Vth 2 , and if Sb>Vth 2 is sat- 
isfied, outputs a signal of "1", or if Sb^Vth 2 is satis- 
fied, outputs a signal u 0 n . The outputs of the respec- 
tive comparators are input to an AND gate 47. 

Only when the amounts of light detected by the 

40 photodetectors 45a and 45b exceed the predeter- 
mined level (Vthi , Vth^, does the AND gate 47 output 
the detection signal V L1 as "1"; in all other cases, the 
detection signal V L1 Is output as "0". 

A hatched portion 48 in the figure shows a typical 

45 image formed on the light receiving faces Pa and Pb 
of the respective photodetectors by the irradiated 
light reflected and scattered by the finger 40. 

The operation (biological detection) of the em- 
bodiment shown in Fig. 9 will be explained with refer- 
so ence to Fig. 11. 

Figure 11 A shows the positional relationships of 
the image of a genuine finger and the light receiving 
faces, Fig. 11 B shows the positional relationships of 
the image of a replica and the light receiving faces, 

55 Fig. 11C shows the relationship between the output 
levels Sa and Sb of the respective photodetectors of 
Fig. 11Aand the threshold levels Vtrn , Vth 2 , and Fig. 
11 D shows the relationship between the output levels 
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Sa and Sb of the respective photodetectors of Fig. 
11 B and the threshold levels Vt^ , Vth 2 . The time to 
of Fig. 11 C or 11 D is the time at which the finger 40 
touches a predetermined position on the light guiding 
board 44. 

If the finger 40 is a genuine finger, the region R 
occurs in the finger 40 as described above, and there- 
fore, a region at which light is reflected and scattered 
by the surface of the finger expands relatively as in- 
dicated by a broken line in Fig. 9. Accordingly, the im- 
age 48 shown in Fig. HAextends over the light receiv- 
ing faces Pa and Pb of the respective photodetectors, 
and therefore, the photodetectors 45a and 45b output 
the optical outputs Sa and Sb each having a certain 
level. In this case, if the levels of the optical outputs 
Sa and Sb are higher than the predetermined levels 
Vthi, Vth 2 , the outputs of the comparators 46a and 
46b of Fig. 10 are "1", and thus the AND gate 47 out- 
puts a detection signal V L1 as "1" to indicate the de- 
tection of a biological object. 

If the finger 40 is a replica, however, the region 
at which light is reflected and scattered by the surface 
of the finger is relatively focused as indicated by a 
continuous line shown in Fig. 9, and therefore, the im- 
age 48 is formed on the light receiving face Pb of one 
of the photodetectors as shown in Fig. 11B. The light 
receiving face of the other photodetector receives 
only a little light, i.e., a flare of the light focused on the 
light receiving face Pb, and therefore, the photodetec- 
tor 45b outputs an optical output Sb having a certain 
level, and the photodetector 45a outputs an optical 
output Sa having a very low level. In this case, if the 
predetermined levels Vthi , Vth 2 are set such that the 
level Vth 2 is lower than the level of the optical output 
Sb and the level Vth, is higher than the level of the 
optical output Sa, the detection signal V L1 output from 
the AND gate of Fig. 10 will be w 0'\ and accordingly, 
it is determined that the finger 40 is a replica. 

In the embodiment of Fig. 9, the image 48 is 
formed in such a manner that it extends over both the 
light receiving faces of the respective photodetectors 
when the sample is a genuine finger, and extends 
over only one of the light receiving faces when the 
sample is a replica. In the embodiment shown in the 
figures, the photodetector 45b determines that the 
finger 40 (a genuine finger or a replica) is in contact 
with the light guiding board 43, and the photodetector 
45a determines whether or not it is a biological object. 

As described above, according to the embodi- 
ment of Fig. 9, whether the signal V L1 output from the 
comparator circuit 46 is 1 or 0 enables and instanta- 
neous determination of whether the finger 40 is a gen- 
uine finger (a biological object) or a replica (a non- bio- 
logical object). Si mi lar to the system of Fig. 4, the sys- 
tem of Fig. 9 can be assembled in a fingerprint image 
input apparatus of a fingerprint collating system. 

The embodiment of Fig. 9 uses two photodetec- 
tors 45a and 45b arranged adjacent to each other, but 
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a solid type photodetector having a light receiving 
face divided into two regions each separately provid- 
ing an optical output corresponding to an amount of 
light received by the corresponding region can be em- 

5 ployed instead. 

Figure 12 shows an embodiment according to the 
third aspect (Fig. 3) of the present invention. 

In Fig. 12, 50 denotes a finger (a genuine finger 
or a replica) as a sample; 51a light source for a bio- 

10 logical detection, such as a semiconductor laser and 
LED; 52 a polarizing plate which can be omitted if the 
light source 51 is a semiconductor laser), for linearly 
polarizing (in a direction parallel to the surface of the 
paper, according to the shown embodiment) a light 

15 beam from the light source 51 ; 53 a condensing opt- 
ical system (a lens) for condensing the light beam 
from the light source 51 and irradiating the surface of 
the finger 50 with a spot of light; 54 a transparent light 
guiding board; and 55 an optical system (a lens) for 

20 condensing light reflected and scattered by the sur- 
face of the finger irradiated with the light beam. 

Further, 56a denotes a beam splitter for dividing 
scattered light made incident on the lens 55 into two 
light beams while maintaining the polarization direc- 

25 tion of the scattered light as it is; 56b a mirror for re- 
flecting the light beam reflected by the beam splitter 
56a in a direction orthogonal to the direction of inci- 
dence thereof; 57a a polarizing plate for polarizing the 
scattered light passed through the beam splitter 56a 

30 in a predetermined d irection (vertical to the paper, ac- 
cording to the shown embodiment); 57b a polarizing 
plate for polarizing the scattered light reflected by the 
mirror 56b in a direction vertical to the polarization di- 
rection of the polarizing plate 57a (a direction parallel 

35 to the surface of the paper, according to the shown 
embodiment, i.e., the same direction as the polariza- 
tion direction of the scattered light made incident on 
the lens 55); 58a a photodetector for detecting the 
light intensity of the polarized light polarized by the 

40 polarizing plate 57a and outputting an optical output 
Sa' corresponding to the light intensity; 58b a photo- 
detector for detecting the light intensity of the pola- 
rized light polarized by the polarizing plate 57b and 
outputting an optical output Sb' corresponding to the 

45 light intensity; and 59 a comparator circuit The com- 
parator circuit 59 calculates a ratio of the optical out- 
puts Sa' and Sb' output from the photodetectors 58a 
and 58b, compares the ratio (Sa'/Sb') with a predeter- 
mined value Xo , and outputs a detection signal V L2 in- 

50 dicating whether the finger 50 is a genuine finger or 
a replica. 

The operation (biological detection) of the em- 
bodiment of Fig. 12 will be explained with reference 
to Fig. 13. 

55 Figure 13 shows a comparison of the character- 

istics of polarized light scattered from a genuine fin- 
ger and from a replica. The abscissa of the figure rep- 
resents an angle between the linear polarization di- 
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rection of irradiated light and the polarization direction 
of the polarizing plate, and the ordinate of the figure 
represents a value derived by normalizing outputs of 
the photodetectors with maximum outputs. Figure 13 
shows that the light scattered from the genuine finger 
provides a better preservation of the polarization di- 
rection of the irradiated light than does the light scat- 
tered from the replica. Namely, as shown by the ex- 
ample, the genuine finger preserves 40% to 50% of 
the polarization direction of light from a light source, 
but the replica preserves only up to 20% of the same. 
Therefore, after the comparator circuit 59 provides a 
ratio of the optical outputs Sa' and Sb' from the pho- 
todetectors 58a and 58b, a difference will be ob- 
served between the polarization disturbing charac- 
teristics of the genuine finger and of the replica. 

As shown in Fig. 1 3, when an angle of rotation of 
the polarizing plate is 90°, a difference between nor- 
malized outputs of the photodetectors for the replica 
(indicated by a continuous line) and for the genuine 
finger (indicated by a broken line) will be a maximum 
value, and if the predetermined value Xo is set within 
a range of this difference, whether or not the finger 
50 is genuine can be determined by comparing the ra- 
tio (Sa'/Sb') calculated by the comparator circuit 59 
with the predetermined value Xo , and by using the po- 
larization disturbance characteristics; i.e., taking the 
polarization characteristics into account, the embodi- 
ment sets a difference between polarization direc- 
tions of the polarizing plates 57a and 57b at 90°. Sim- 
ilar to the systems shown in Figs. 4 and 9, the system 
shown in Fig. 12 can be assembled in a fingerprint im- 
age input apparatus of a fingerprint collation system. 

Figure 14 shows the arrangement of a modifica- 
tion of the embodiment of Fig. 12. 

Instead of the beam splitter 56a, mirror 56b, and 
polarizing plates 57a and 57b shown in Fig. 12, this 
modification employs a Wollaston prism 60 to form a 
polarizing optical system in which the number of opt- 
ical parts, and thus the size of the system, is reduced. 
The other arrangements and operation are the same 
as those of the embodiment shown in Fig. 12, and 
thus an explanation thereof will be omitted. 

Although the respective embodiments are de- 
scribed as contact type fingerprint image input sys- 
tems (biological detecting systems) employing light 
guiding boards, the invention also can be applied to 
non-contact type systems that do not employ the light 
guiding boards. 

As described above, according to the present In- 
vention, the surface of a sample is irradiated with a 
spot of light or linearly polarized light, and the shine 
occurring at the surface or the polarization character- 
istics of light scattered from an irradiated portion of 
the sample provide phenomena peculiar to the sam- 
ple. The invention utilizes this phenomena or charac- 
teristics peculiar to the material used to instantane- 
ously determine whether or not the sample is a bio- 



logical object, without being influenced by the condi- 
tions of the sample; namely, as this invention utilizes 
characteristics peculiar to certain materials, the in- 
vention can improve the security of systems against 

5 forged fingerprints. 

Further, the present invention can detect a bio- 
logical object within a short time, and thus a time 
needed by an identification apparatus to carry out the 
fingerprint collation can be shortened. 

10 Furthermore, the invention can be assembled in 

both contact type and non-contact type fingerprint 
collation systems. 

Figure. 15 shows another embodiment of the 
present invention, which uses a common light source 

15 as the light source for the fingerprint image input sys- 
tem and the light source of a beam spot for the bio- 
logical detecting system, thus simplifying and reduc- 
ing the weight of a fingerprint input apparatus. 

According to this embodiment, a single illuminat- 

20 ing means generates diverging waves that entirely il- 
luminate a finger in addition to converging waves that 
partly illuminate the finger with a spot of light, and a 
grating lens 80 shown in Fig. 15 is employed for this 
purpose. The grating lens 80 is able to focus diverging 

25 waves supplied from a light source (for example, a 
laser diode LD) 41 at high efficiency. Among diverg- 
ing light Li incidental to the grating lens 80, a zero- 
order transmitted light L0 maintains a state of the di- 
verging waves to widely illuminate the whole finger 

30 10, and a first-order diffracted light L1 becomes fo- 
cused waves to partly illuminate the finger with a spot 
of light. With this arrangement, the single light source 
41 can provide two kinds of light. 

Figure 1 6 shows a more concrete embodiment of 

35 Fig. 15. The light source 41 is a laser diode, and a 
transparent light guiding board (transparent body) 63 
has a diagonal cut portion 63a on which a grating lens 
80 is formed, and the grating lens 80 focuses a laser 
light Li to provide a focused beam L1 , and provides a 

40 transmitted light L0 for entirely illuminating a finger. 
Among light scattered by a fingerprint contacting por- 
tion, components that propagate inside the light guid- 
ing board 63 due to a total reflection thereof are 
picked up from a diagonally cut face 63b and guided 

45 to an imaging system (lens) 62 to form an image of the 
finger on a CCD 64. 

The principle of biological detection will be again 
described. When a replica made of silicon rubber, 
etc., is irradiated with a spot of light, light is scattered 

so only in the close vicinity of an irradiated portion of the 
replica, and the size of an image of the irradiated por- 
tion is determined by the size of the irradiated light 
spot and the magnification of an imaging system. The 
spot image is formed on a photodetector 67 through 

55 a convergent lens system 69. If biological matter (i.e., 
a finger) is irradiated with light, however, the light pen- 
etrates the finger so that the light is scattered over a 
wide area of the finger, and therefore, the size of spot 
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image formed on the photodetector 67 is larger than 
that formed by the replica. When the surface of the 
finger is obliquely irradiated with a spot of light, the 
center of a light scattering region of the finger is dis- 
located from that of the replica, and by detecting the 5 
size and center position of an spot image obtained 
from the scattered light, it is possible to carry out a 
biological detection. The photodetector 67 may be a 
known divisional detector having a plurality of light re- 
ceiving regions, or may comprise a plurality of small 1 o 
photodetectors arranged in an array. 

Figures 17 and 18 show two ways of using the 
grating lens 80. Figure 17 uses a diverging beam 
wherein zero-order transmitted light L0 entirely illu- 
minates a finger and first-order diffracted light L1 il- 15 
luminates a contacting face of the finger with a spot 
of light Figure 1 8 uses a focusing beam in which zero- 
order transmitted light L0 irradiates a contacting face 
of a finger with a spot of I ight and first-order d i f f racted 
light L1 entirely illuminates the finger. If a diverging 20 
light source such as a semiconductor laser is em- 
ployed, the case of Fig. 17 is preferable, but a con- 
verging lens system 75 may be used to enable an 
easy change over to converging light 

Figures 19 and 20 show two other embodiments 25 
of the invention, respectively, wherein in Fig. 19a light 
guiding board (transparent body) 63 has a diagonally 
cut portion 63a, on a part of which a grating lens 80 
is formed. Part of the illuminating light (first-order dif- 
fracted light L1) is used to irradiated a finger contact- 30 
ing face with a spot of light, and light (hatched portion) 
that is made incident on the light guiding board 63 
through a portion at which the grating lens 80 is not 
formed entirely illuminates the finger. 

Contrary to the case of Fig. 19, the case of Fig. 35 
20 uses converging incident light First-order diffract- 
ed light L1 forms diffused illuminating light, and direct 
incident light L0 that does not pass through a grating 
lens 80 forms a spot of light. Part of the spot of light 
is zero-order light transmitted from the grating lens 40 
80. 

The above-explained grating lenses are used to 
form a circular small spot of light, but it is possible to 
change a pattern of the grating lens to form, for ex- 
ample, an oval spot, to improve the detection sensi- 45 
tivity. 

The grating lens may be formed integrally with 
the light guiding board, or may be formed separately 
from the light guiding board and then adhered to the 
light guiding board. so 

As described above, these embodiments employ 
a single grating lens for providing a light source for a 
fingerprint image input apparatus having a biological 
detecting function. The light source with the grating 
lens can provide light for entirely illuminating a finger 55 
contacting face to form an image of a fingerprint on 
an image sensor (CCD) and as a spot of light for bio- 
logical detection for irradiating the finger contacting 
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face. The invention is very effective when forming an 
illuminating system for a biological detection for a fin- 
gerprint image input apparatus that has no biological 
detecting function, without an increase in the volume 
and weight of the fingerprint image input apparatus. 

Fig. 21 shows still another embodiment of the 
present invention. 

In a total reflection type biological discriminating 
system shown in Fig. 35 , light that irradiates grooves 
of a fingerprint is totally reflected by the grooves be- 
cause the grooves form total reflection faces, and as 
a result, even if the sample is a biological object, it 
may be erroneously recognized as a replica. 

Accordingly, the embodiment shown in Fig. 21 
provides a biological discriminating system that sets 
the irradiating width of light so that a capacity for dis- 
criminating a replica from a biological subject is en- 
larged. 

In Fig. 21 , a numeral 90 is a light source (LD), and 
light from the light source 90 is adjusted to a prefer- 
able spread by a condensing optical system (lens) 81 . 
Here, the term preferable spread means that the 
width of light irradiated on an interface (F) becomes 
wider than a mean gap between ridges of a finger- 
print The spread adjusted light may be coherent light 
or gradually focused light A light D adjusted by the 
condensing optical system 81 is made incident on a 
slanting face 92a of a light guiding board (transparent 
body) a2. The light guiding board 92 is made of trans- 
parent material such as glass and placed in air. An in- 
cident angle of the light D is such that a perpendicular 
line of the slanting face 92a coincides with an optical 
axis of the light D, and therefore, most of the light D 
passes through the light guiding board 92 and reach- 
es one face 92b of the light guiding board 92. An in- 
cident angle of the light with respect to the one face 
92b is such that the angle exceeds a critical angle de- 
termined by a refractive index of the light guiding 
board 92 and a refractive index of air, and thus light 
that enters the one face 92b with an incident angle ex- 
ceeding the critical angle is totally reflected by the in- 
terface (F) between the light guiding board 92 and air. 
The totally reflected light is totally and repeatedly re- 
flected between the one face 92b and the other face 
92c in parallel with the one face 92b, and thus the re- 
flected light moves forward inside the light guiding 
board 92, is emitted from the light guiding board 12, 
and is condensed by an imaging optical system 93 to 
form an image on a photodetector 94. 

The surface of the finger 1 0 provides a fingerprint 
comprising ridges 10a and grooves 10b. 

Generally, a gap between the ridges 10a varies 
depending on a pattern and position of the fingerprint, 
but the gap never exceeds 1 mm; i.e., almost all of the 
gaps are each smaller than 1 mm. The embodiment 
sets the width of a spot of light totally reflected by the 
one face 92b (identical to the interface (F)) to be wider 
than the gap between the ridges. Namely, if the gap 
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between the ridges is, for example, 1 mm, a concrete 
value of the width of a spot of light is larger than 1 mm. 

With this arrangement, the finger 10 is pressed 
against the one face (detection surface) 92b and a to- 
tal reflecting face is not formed between the face 92b 5 
and the (ridges 10a) of the finger 10, and thus part of 
the tight is propagated along a lower part of skin of the 
finger 10 and is irregularly reflected thereby. Accord- 
ingly, shine occurs at a periphery of a portion of the 
surface of the finger 10 irradiated with the light, and 10 
the shining portion of the finger becomes larger than 
the portion irradiated with the light 

If the sample is a replica made of, for example, sil- 
icon based rubber, shine occurs only at a close vicin- 
ity area of a spot of the replica irradiated with light, so 15 
that the shining portion of the replica is smaller than 
that of the finger, i.e., biological object. Therefore, by 
observing a difference between the shining areas by 
the photodetector 94, it is possible to determine 
whether or not the sample is a biological object 20 

A position of the finger 10 on the light guiding 
board may vary, and according to this embodiment, 
the width of a spot of light irradiated on the face 92b 
(F) is wider than a gap between ridges of a fingerprint, 
so that even if a position of the finger is displaced, one 25 
ridge (projection 1 0a) is always inside the spot of light. 
Therefore, shining around the ridge is always correct- 
ly observed and the biological discrimination carried 
out without hindrance and the discrimination im- 
proved. 30 

Figure 22 is a graph showing the relationship be- 
tween diameters of light spots and the reflection ten- 
dency values. In the graph, the reflection tendency 
values are expressed by the following equation (1): 

(Imax - lmin)/(lmax + Imin) (I), 35 
where, Imax is a value corresponding to a maximum 
value of reflected light quantity, and Imin is a value 
corresponding to a minimum value of reflected light 
quantity. 

Namely, when the reflection tendency value is 40 
large, the diameter of a spot of light is less than 1 mm 
and thus the grooves and ridges of a fingerprint are 
irradiated with different spots of light Accordingly, if 
a finger is displaced even slightly under this state, the 
quantities of reflected light will greatly vary. On the 45 
other hand, if the diameter of a spot of light is larger 
than 1 mm, the reflection tendency value is small so 
that quantities of reflected light are not drastically var- 
ied. Therefore, by enlarging the diameter of a spot of 
light to a value greater than 1 mm, a satisfactory re- 50 
fleeted light is always obtained from the surface of a 
finger even if the finger is slightly displaced, to realize 
an accurate biological discrimination. 

According to the embodiment, a spot-like irradiat- 
ing light is emitted to the face 92b (F), and the diam- 55 
eter of the spot is set. 

Figure. 23 shows an arrangement useful for un- 
derstanding the invention, which utilizes linear light 
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for the irradiation, and wherein the width of the irradi- 
ated light is set. In Fig. 23, 85 is a light source for emit- 
ting linear light, 86 a cylindrical lens, and 88 a light 
guiding board (transparent body). Linear light P hav- 
ing a length exceeding a gap between the ridges of a 
finger is irradiated on one face (detection surface) 
88a of the light guiding board 88 through the cylindri- 
cal lens 86. Numeral 99 is a photodetector portion 
comprising cylindrical lenses 67 and 89 and a photo- 
detector 83. 

With this arrangement, a finger as a sample is 
pressed against the one face 88a of the light guiding 
board 88 and then, as shown in Fig. 24, the surface 
of the finger is irradiated with the linear light P. The 
length of the light P exceeds a gap between ridges of 
a fingerprint of the finger, so that one or more ridges 
of the fingerprint are irradiated with the light to carry 
out the biological discrimination without hindrance. 

Figures 25A and 25B show another embodiment 
of the present invention in which the biological detec- 
tion and the image detection are effected by one com- 
mon optical system. In the arrangement for example, 
shown in Fig. 9 or 4A-4C, the spot image reflected by 
the finger 40 or 10 is focused on the photodetector 
45b or 12 (CCD) through the lens 44 or 22a. Namely, 
in the arrangement shown in Fig. 9, the special optical 
system for the biological detection including the lens 
44 and the photodetectors 45a and 45b, etc., is pro- 
vided in addition to the optical system for detecting 
the image of the fingerprint (not shown in Fig.9). To 
reduce the number of the optical elements, the optical 
system for the biological detection is made common 
to the optical system for the image detection in Figs. 
25Aand 25B. 

In the image detecting optical system shown in 
Figs. 25Aand 25B, the light L1 emitted from the LED 
13 is incident upon the finger 10, so that an image of 
the finger 10 is focused on the CCD 14 through the 
fingerprint image forming means including the lens 26 
and the diaphragm 25, to be detected thereby. This 
image detecting optical system is also used to per- 
form the biological detection; namely, the light L2 in 
the form of a beam spot emitted from the laser diode 
1 1 is incident upon the finger 10, so that a spot image 
reflected by the incident point of the light upon the fin- 
ger 10 is focused on the CCD 14 through the finger- 
print image forming means including the lens 26 and 
the diaphragm 25, to be detected thereby. The biolog- 
ical detection itself can be effected in various ways 
(detection of the size or position of the spot image, 
etc. as mentioned above), and with this arrangement, 
the optical system for the biological detection can be 
omitted. 

Figures 26 and 27 show an embodiment which re- 
alizes an optical arrangement based on the principle 
shown in Figs. 25A and 25B. 

The fingerprint image input device includes a 
transparent body (transparent light guiding board) 
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105, a light source (LED) 101 for wholly illuminating 
the surface of the finger 10, a light source (laser di- 
ode) 102 for illuminating the finger 10 with a spot 
beam L2 to effect the biological detection, and a fin- 
gerprint image forming optical system 103 having the 5 
lens 131 and the (CCD) 104. The transparent body 
1 05, which is made of a light permeable material such 
as glass, has a detection surface 1 51 on which the 
finger 10 is located, and the lens 131 is made integral 
with the transparent body 1 05 through the diaphragm 1 o 
32 at one end of the transparent body 105. The light 
(fingerprint image and spot image) is converged onto 
the image detector 104, such as a CCD. The trans- 
parent body 105 is provided on the opposite end 
thereof with a mirror 1 52, to reflect the light reflected 15 
by the finger 10 toward the lens 131. The diaphragm 
132 is a fixed diaphragm used to reduce possible 
aberration of the lens 131 . This construction is sub- 
stantially similar to that of the previously described 
embodiments. 20 

The image obtained by the photodetector 104 is 
sent to a collating circuit 108 through an image fetch- 
ing circuit 7, and to a biological detecting circuit 106. 
The biological detecting circuit 106 is provided with a 
designated address output detecting circuit 162 and 25 
a video signal output comparing circuit 162, to per- 
form the biological detection. 

The light source 101 for detecting the image of 
the fingerprint and the light source 102 for the biolog- 
ical detection are located below and on opposite sides 30 
of the transparent body 10, as can be seen in Fig. 27, 
so that the lower portion of the finger brought into con- 
tact with the detection surface 151 is totally illuminat- 
ed, i.e., light L1 emitted from the light source 101 il- 
luminates the whole surface of the finger 10. On the 35 
other hand, light L2 emitted from the light source 102 
and converged by the lens 121 in the form of a beam 
spot is made incident on a point of the finger 1 0. The 
light sources 101 and 102 are constructed so that 
light is not emitted simultaneously thereby onto the 40 
finger 10. For example, the spot light is first instanta- 
neously (e.g. less than a few msec.) emitted from the 
light source 1 02 to detect whether or not the finger is 
a genuine biological object, and light L1 is then emit- 
ted from the light source 101 to wholly illuminate the 45 
finger 10 to detect the fingerprint image, only when a 
real finger is detected. 

The following discussion will be directed to the 
process of inputting the fingerprint image, with refer- 
ence to Figs. 25A and 26, which process is similar to 50 
that of the above-mentioned embodiments. 

In the fingerprint image input apparatus of the il- 
lustrated embodiment, the light component of the light 
scattered from the ridges (projecting portion) of the 
fingerprint that is totally reflected by the critical sur- 56 
face of the transparent body 105 is converged onto 
the photodetector (CCD) 104 by the lens 131 to form 
an image of a pattern of the ridges of the fingerprint. 

12 



Namely, the finger 10 brought into contact with the 
detection surface 151 of the transparent body 105 is 
wholly illuminated with light L1 emitted from the light 
source 1 01 , so that the image of the ridges of the fin- 
gerprint can be detected by the photodetector 104. 

When the finger 10 is pressed onto the detection 
surface 151 of the transparent body 105, the ridges 
of the fingerprint come into contact with the detection 
surface but the grooves (recessed portions) of the fin- 
gerprint do not come into contact with the detection 
surface 151, so that light incident on the finger 
through the transparent body 105 is reflected by the 
surface and the inside portion of the finger 1 0. Name- 
ly, since light scattered from the grooves of the finger- 
print passes through the air and then enters the trans- 
parent body 15, a light component which is totally re- 
flected in and transmitted through the transparent 
body 105 to the lens 131 does not exist. Neverthe- 
less, the scattered light reflected by the ridges of the 
fingerprint directly enters the transparent body 105 
without passing through the air, so that part of this 
light meets the total reflection condition in the trans- 
parent body 1 05. As a result, the light which meets the 
total reflection condition in the transparent body 105 
repeats the total reflection therein, and thus reaches 
the lens 131 through the diaphragm 132. The total re- 
flection light component is focused onto the photode- 
tector 104 by the lens 131 to form an image of the 
ridge pattern of the fingerprint. 

The biological detection itself has been dis- 
cussed. 

As shown in Fig. 28, which shows the processes 
in the fingerprint image input apparatus, in the case 
of a genuine finger, when the beam spot is incident on 
the surface of the finger 10, not only is the illuminat- 
ing point of the finger brighter, but also the circumfer- 
ential portion is brighter, since the light is propagated 
and scattered in the transparent body 105 in the fin- 
ger 10, as mentioned before. As a result, the spot im- 
age detected by the photodetector 1 04 occupies a rel- 
atively large area of the photodetector, as shown by 
an imaginary line in Fig. 28. 

Conversely, in the case of a replica, when the 
beam spot is incident on the finger, only the incident 
point of the finger and the close vicinity thereof reflect 
or scatter the incident light and become brighter, and 
thus the spot image detected by the photodetector 
104 occupies a very limited small area of the photo- 
detector 104, as shown by a solid line in Fig. 28. 

Figure 29 shows the shapes of video signal out- 
puts of the lines A and B shown in Fig. 28. 

As can be seen from Fig. 29, in the case of a rep- 
lica, the video signal output changes only at the line 
A in the close vicinity of the incident point, whereas 
in the case of a genuine finger, the video signal output 
changes at both the lines A and B, which also cover 
the circumferential portion of the incident point. 
Namely, the spot image obtained by the photodetec- 
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tor 104 is supplied to the biological detecting circuit 
106 shown in Fig. 26, so that the designated address 
outputs corresponding to the lines A and B predeter- 
mined by the designated address output detecting cir- 
cuit 161 can be detected. Thereafter, for example, the 5 
designated address outputs of the lines A and B in the 
spot image are sent to the video signal output com- 
paring circuit 162 to be compared. Namely, as can be 
seen in Fig. 29, when only the video signal output of 
the line A varies (i.e., a spot image exists only at the 10 
line A), the object is determined to be a replica. Con- 
versely, when the video signal outputs of the lines A 
and B change (i.e., spot images exist at both the pos- 
itions of the lines A and B), the object is determined 
to be a genuine finger. 15 

It should be appreciated that the designated ad- 
dress output detected by the designated address out- 
put detecting circuit 161 is not limited to the two lines 
A and B. Furthermore, no restriction is made on the 
linear scanning of the output of the photodetector 104. 20 
That is, it is possible to check whether or not a plural- 
ity of linear outputs detected by the photodetector 1 04 
include a spot image, i.e., whether or not the video 
signal outputs have changed. Alternatively, it is pos- 
sible to designate a specific area of the photodetector 25 
104 to check whether or not each picture element 
(pixel) of that area contains a spot image. Conse- 
quently, the subject located on the detecting surface 
1 51 of the transparent body 1 05 can be discriminated 
to be a replica or a genuine finger by measuring the 30 
size and position, etc., of the image of the incident 
point detected by the photodetector 104, as men- 
tioned before. 

The phenomenon whereby, when a spot beam is 
incident upon a finger the beam penetrates the finger 35 
and is dispersed, is peculiar to human beings, and it 
is impossible to produce a replica having the charac- 
teristics of the genuine finger as mentioned above, at 
least by known techniques. Even if a user tries to dis- 
assemble the fingerprint image input device of the in- 40 
vention, since neither a special optical system for a 
biological detection nor a photodetector exist, it is dif- 
ficult or next to impossible to figure out the biological 
detecting system incorporated therein, thus resulting 
in a maintaining of a secure system. 45 

Figures 30 and 31 show another embodiment of 
the present invention. In the illustrated embodiment, 
the light source 101 (laser diode) for detecting the fin- 
gerprint image and the light source 102 (laser diode) 
for the biological detection shown in Fig. 26 are re- 50 
placed by a light source 101a which emits a red light 
(R) and a light source 102a which emits a green light 
(G), respectively. In addition, the photodetector 104 in 
Fig. 26 is replaced by a color CCD 1 04a. For the pho- 
todetector 1 04a there is additionally provided an R, G, 55 
B separation circuit 109, which separates the colors 
R t G, and B. Note that the light sources 101a and 
1 02a are provided on opposite sides of the finger and 
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below the transparent body 105, so that the lower sur- 
face of the finger 1 0 located on the detection surface 
151 can be illuminated with beams of light from the 
light sources at one time. 

The red light R from the light source 101a wholly 
illuminates the finger 10, so that the light component 
of the light dispersed from the ridges of the fingerprint 
totally reflected by the critical surface of the transpar- 
ent body 105 is converged onto the photodetector 
104a by the optical lens 131 to obtain an image rep- 
resenting a pattern of ridges of a fingerprint. Since the 
image of the ridge pattern of the fingerprint possess- 
es a red color component R, the image signal corre- 
sponding to the red color R is separated by the R, G, 
B separating circuit 1 09 to be sent to the image fetch- 
ing circuit 107, and the fingerprint collating process is 
performed in the collating circuit 108. 

On the other hand, the green light G from the light 
source 102a is condensed by the lens 121 to be inci- 
dent on the finger in the form of a spot beam L2a, to 
effect the biological detection mentioned above. 
Namely, the spot image reflected by the illumination 
point of the light L2a is detected by the photodetector 
104a t which is also used as a detector of the image 
of the fingerprint, through the lens 131 . Since the spot 
image used for the biological detection possesses the 
green component G, the green image signal in the 
photodetector 104a is separated by the R, G, B sep- 
arating circuit 109 to be fed to the designated address 
output detecting circuit 161 of the biological detecting 
circuit 106, so that the subject located on the detect- 
ing surface 151 can be determined to be a replica or 
a genuine finger by the signal output comparing cir- 
cuit 1 62. Note, obviously the colors of the light emitted 
from the light sources 101a and 102a are not limited 
to red R and green G. 

According to the embodiment illustrated in Figs. 
30 and 31 , since the light beams L1 a and L2a for de- 
tecting the fingerprint and for the biological detection 
can be simultaneously emitted from the respective 
light sources 101a and 102a, a faster detection rate 
can be obtained in comparison with the embodiment 
shown in Figs. 26 and 27 in which the light for the bio- 
logical detection must be emitted immediately before 
the emission of the light for the detection of a finger- 
print image, as mentioned before. 

With the arrangements shown in Figs. 26 through 
31, the biological detection can be effected by the 
optical system which is used to detect the image of a 
fingerprint, and accordingly, a smaller number of opt- 
ical components are needed, to thereby realize a sim- 
plified fingerprint image input apparatus. Further- 
more, since a special optical system for the biological 
detection is not provided, it is almost impossible to de- 
termine how the system operates, even when disas- 
sembled. 
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Claims 

1. A biological detecting system comprising:- 

a light source (1, 13); 

a condensing optical system (2, 21a) for 
condensing a light beam (L t ) f rom the light source 
and irradiating the surface of a sample (5, 10) to 
be detected with a spot of light; 

an imaging optical system (3, 22a) for con- 
densing light (l_2) reflected and scattered by an ir- 
radiated portion of the sample and forming an im- 
age of the irradiated portion at a predetermined 
location; 

photod elector means (4, 14) arranged at 
said predetermined location to detect said image; 
and 

means (15, 16) for detecting the size of the 
image of the light reflected and scattered from 
the irradiated portion and outputting a detection 
signal (J^ VJ indicating the detected size, so that 
the sample can be determined to be a biological 
object or a replica. 

2. A biological detecting system according to claim 

1, wherein the photodetector means comprises a 
photodetector having a light-receiving face divid- 
ed into a plurality of regions (P 1t P 2 , P3) such that 
the image of the irradiated portion is formed on 
the light-receiving face, the photodetector provid- 
ing separate optical outputs (S 1t S 2 and S 3 ) that 
correspond to amounts of light received by the 
plurality of regions, respectively. 

3. A biological detecting system according to claim 

2, wherein said photodetector has three light- 
receiving regions (P 1f P 2 , P 3 ), and wherein the 
system further comprises a first operational am- 
plifier (15) having a gain k for amplifying the opt- 
ical outputs of two of the light-receiving regions 
(S 1t S 3 ) and a second operational amplifier (16) 
having a positive input connected to the output (k 
(S 1 + S 3 )) of the first operational amplifier, and a 
negative input connected to the optical output 
(S2) of the light-receiving region between said 
two light-receiving regions, so that the sample 
can be determined to be a biological object or a 
replica by the output (k (Si -1- S 3 ) - S 2 ) of the sec- 
ond operational amplifier 

4. A biological detecting system according to claim 
1 , wherein the photodetector means comprises a 
plurality of photodetectors arranged adjacent to 
each other such that the image of the irradiated 
portion is formed over light-receiving faces of the 
photodetectors, the plurality of photodetectors 
providing optical outputs corresponding to 
amounts of received light, respectively, so that 
the sample can be determined to be a biological 



object or a replica in accordance with the optical 
outputs. 

5. A biological detecting system comprising:- 
5 a light source (1,41); 

a condensing optical system (2, 42) for 
condensing a light beam (Lj) from the light source 
and irradiating the surface of a sample (5, 40) to 
be detected with a spot of light; 

10 an imaging optical system (3, 44) for con- 

densing light (L 2 ') reflected and scattered by an 
irradiated portion of the sample and forming an 
image of the irradiated portion at a predeter- 
mined location; 

15 photodetector means (4A, 45a, 45b) ar- 

ranged at the predetermined location to detect 
said image; and 

means (64) for detecting the size of the im- 
age of the light reflected and scattered from the 

20 irradiated portion as well as detecting whether 

the center (C1) of a region (R) of the sample 
where the irradiating light beam is reflected and 
scattered is displaced from a center (C2) of the ir- 
radiated portion, and outputting a detection sig- 

25 nal (J2, V L1 )) indicating the size of the image and 

the presence or absence of the displacement, so 
that the sample can be determined to be a biolog- 
ical object or a replica in accordance with the de- 
tection signal output 

30 

6. A biological detecting system according to claim 
5, wherein the photodetector means comprises a 
plurality of photodetectors (45a, 45b) arranged 
adjacent to each other such that the image of the 

35 irradiated portion is formed over light-receiving 

faces of the photodetectors, the plurality of pho- 
todetectors providing optical outputs (Sa, Sb) 
corresponding to amounts of received light, re- 
spectively, so that the sample can be determined 

40 to be a biological object or a replica by comparing 

the optical outputs with predetermined levels 
(Vth 1t Vtha). 

7. A biological detecting system according to claim 
45 5, wherein the photodetector means comprises a 

photodetector having a light-receiving face divid- 
ed into a plurality of regions (45a, 45b) such that 
the image of the irradiated portion is formed on 
the light-receiving face, the photodetector provid- 
50 ing separate optical outputs that correspond to 

amounts of light received by the plurality of re- 
gions, so that the sample can be determined to be 
a biological object or replica by comparing the 
optical outputs 'with a predetermined level. 

55 

8. A biological detecting system comp rising :- 

a light source (1, 51); 

a first optical system (2A, 52, 53) for line- 
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the apparatus also comprises:- 

a single grating lens (80) for receiving light 
for irradiating the sample, said single grating lens 
providing transmitted light and diffracted light 

5 (L1) that form the light for entirely illuminating the 

sample and a spot of light beam oriented to the 
sample; and 

an imaging optical system (69, 67) for 
forming the image of a spot on the sample irradi- 

10 ated with the spot of light beam, to judge, based 

on the size and position of the spot in the image, 
whether the sample is biological matter or a rep- 
lica. 

15 13. A fingerprint-image input apparatus according to 
claim 12, wherein the transmitted light from the 
grating lens forms the light for entirely illuminat- 
ing the sample, and the diffracted light from the 
grating lens forms the spot of light beam oriented 

20 to the sample. 

14. A fingerprint-image input apparatus according to 
claim 12, wherein the transmitted light from the 
grating lens forms the spot of light beam oriented 
25 to the sample, and the diffracted light from the 

grating lens forms the light for entirely illuminat- 
ing the sample. 



arly polarizing and condensing a light beam (U) 
from the light source to irradiate the surface of a 
sample (5, 50) to be detected with a spot of light; 

a second optical system (3A, 56, 55) for 
condensing light (L 2 ") reflected or scattered by an 
irradiated portion of the sample and polarizing the 
condensed light in at least one predetermined po- 
larization direction; 

photodetector means (4B, 58a, 58b) for 
detecting the intensity of the polarized light (L 3 ) 
from said second optical system; and 

means (59) for outputting a detection sig- 
nal (J 3 , V^) indicating a polarization state based 
on the detected light intensity of the polarized 
light detected by said photodetector means, so 
that the sample can be determined to be a biolog- 
ical object or a replica according to the detection 
signal. 

9. A biological detecting system according to claim 
8, wherein the second optical system (60) divides 
the condensed light into two light beams while 
maintaining the polarization state of the light as it 
is, picks up a first component from one of the two 
light beams, the direction of polarization of the 
first component being the same as that of the ir- 
radiating light beam, picks up a second compo- 
nent from the other one of said two light beams, 
the direction of polarization of the second compo- 
nent being orthogonal to that of the first compo- 
nent, and provides the first and second compo- 
nent to the photodetector means (58a, 58b), and 
wherein comparator means (59) calculates a ratio 
of the first and second components, so that the 
sample can be determined to be a biological ob- 
ject or a replica by comparing the calculated ratio 
with a predetermined value (Xo). 

10. A biological detecting system according to claim 
1 , wherein the photodetector means comprises at 
least one photodetector for detecting the biologi- 
cal object. 

11. A fingerprint collating system employing a biolog- 
ical detecting system claimed in any one of 
claims 1 to 10, the fingerprint collating system 
converting, only when the sample detected by the 
biological detecting system is a genuine finger, a 
pattern of the finger into image data and compar- 
ing the converted image data with previously reg- 
istered fingerprint image data to identify same. 

12. A fingerprint-image input apparatus comprising a 
light source (13) for entirely illuminating a sample 
(5, 10) to be detected with light and means (62, 
64) for optically identifying light scattered by ir- 
regularities on the surface of the sample to detect 
a fingerprint of the sample, characterized in that 



15. A fingerprint-image input apparatus according to 
30 claim 12, wherein said single grating lens re- 
ceives only a part of the light for irradiating the 
sample, the grating lens providing diffracted light 
that forms any one of the light for entirely irradiat- 
ing the sample and the spot of light beam oriented 

35 to the sample. 

16. A fingerprint-image input apparatus according to 
claim 15, wherein the light diffracted from the 
grating lens forms the light for entirely irradiating 

40 the sample. 

17. A fingerprint-image input apparatus according to 
claim 15, wherein the light diffracted from the 
grating lens forms the spot of light beam oriented 

45 to the sample. 

18. A fingerprint-image input apparatus according to 
claim 12, further comprising a transparent light- 
guiding body (63) on which the sample to be de- 

50 tected is located. 

19. A fingerprint-image input apparatus according to 
claim 18, wherein said grating lens is formed on 
the transparent light-guiding body. 

55 

20. A fingerprint-image input apparatus according to 
claim 19, wherein said transparent light-guiding 
body has a slanting surface (63a) upon which 



15 



29 EPO 

light is incident. 

21. A fingerprint-image input apparatus according to 
claim 20, wherein said grating lens is formed on 
the slanting surface. 

22. A fingerprint-image input apparatus according to 
claim 18, wherein a width of light irradiated on an 
interface between the transparent light-guiding 
body and the sample located thereon is wider 
than a gap between ridges of a fingerprint pattern 
of the sample. 

23. A fingerprint-image input apparatus according to 
claim 22, wherein the irradiated light width is larg- 
er than 1 mm. 

24. Af ingerprint-image input apparatus according to 
claim 22, wherein the width of irradiated light is 
represented by the diameter of the spot of light 
beam. 

25. Af ingerprint-image input apparatus according to 
claim 18, further comprising a common photode- 
tector upon which both the optically identifying 
signal light and the spot of light reflected by the 
sample are incident. 

26. A fingerprint-image input apparatus according to 
claim 25, further comprising a first-light source 
for illuminating the sample which is in the form of 
a fingerprint located on the transparent light guid- 
ing body, to form an image of the fingerprint, and 
a second light source for illuminating the sample 
substantially at a point with the spot of light to 
form a spot image of the illuminating point on the 
fingerprint. 

27. A fingerprint-image input apparatus according to 
claim 26, wherein said first light source and the 
second light source emit light alternately. 

28. Afingerprint-image input apparatus according to 
claim 26, wherein said first light source and the 
second light source have different wavelengths. 

29. Afingerprint-image input apparatus according to 
claim 28, wherein the first light source and the 
second light source emit light substantially simul- 
taneously. 



Patentanspruche 

1. Biologisches Detektiersystem, mit: 
einer Lichtquelle (1, 13); 
einem optischen Kondensiersystem (2, 
21a) zum Kondensieren eines Lichtstrahls (Li) 
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von der Lichtquelle und Einstrahlen auf die Ober- 
f ISche einer mit einem Lichtf leek zu detektieren- 
den Probe (5, 10); 

einem optischen Abbildungssystem (3, 
5 22a) zum Kondensieren von Licht (L2), das von ei- 

nem best rah Iten Teii der Probe ref lektiert und ge- 
streut wird, und Abbilden eines Bildes des be- 
strahlten Teils an einer vorherbestimmten Stelle; 

einer Lichtdetektoreinrichtung (4, 14), die 
10 an der genannten vorherbestimmten Stelle ange- 

ordnet ist, zum Detektieren des genannten Bil- 
des; und 

einer Einrichtung (15, 16) zum Detektieren 
der GroGe des Bildes des Lichts, das vom be- 
ts strahlten Teil ref lektiert und gestreut wird, und 
Ausgeben eines Detektionssignals (J 1( VJ, das 
die detektierte Gr6Be anzeigt, so dad bestimmt 
werden kann, ob die Probe ein biologisches Ob- 
jektoder eine Nachbildung ist. 

20 

2. Biologisches Detektiersystem nach Anspruch 1, 
bei welchemdie Lichtdetektoreinrichtung umfa&t: 
einen Lichtdetektor mit einer Lichtempf&ngerfla- 
che, die in eine Vielzahl von Zonen (Pi , P 2 , P3) g©- 

25 teilt ist, so daft das Bild des bestrahlten Teils auf 

der LichtempfSngerflache gebildet wird, wobei 
der Lichtdetektor getrennte optische Ausgdnge 
(S 1f S2 und S 3 ), die jeweils von der Vielzahl von 
Zonen empfangenen Licht me ngen entsprechen, 

30 vorsieht 

3. Biologisches Detektiersystem nach Anspruch 2, 
bei welchem der genannte Lichtdetektor drei 
Lichtempfangerzonen (P 1f P 2 , P 3 ) auf we ist, und 

35 welches System ferner umfa&t einen ersten 

Operation sverstSrker (15) mit einer Verstarkung 
k zum Verstarken der optischen AusgSnge von 
zwei der Lichtempfangerzonen (S 1t S 3 ), und ei- 
nen zweiten Operationsverstarker (16) mit einem 

40 positiven Eingang, der mit dem Ausgang (k (Si + 

S 3 )) des ersten Operationsverstdrkers verbun- 
den ist und einem negativen Eingang, der mit 
dem optischen Ausgang (SJ der LichtempfSn- 
gerzone zwischen den genannten beiden Licht- 

45 empfangerzonen verbunden ist, so daft durch 

den Ausgang (k (Si + S 3 ) - S2) des zweiten Ope- 
ration sverstarkers bestimmt werden kann, ob die 
Probe ein biologisches Objektoder eine Nachbil- 
dung ist. 

50 

4. Biologisches Detektiersystem nach Anspruch 1, 
bei welchem die Lichtdetektoreinrichtung umfa&t: 
eine Vielzahl von Lichtdetektoren, die einander 
benachbart angeordnet sind, so da& das Bild des 

55 bestrahlten Teils uber LichtempfangerflSchen 

der Lichtdetektoren abgebildet wird, wobei die 
Vielzahl von Lichtdetektoren optische AusgSnge, 
die jeweils Mengen von empfangenem Licht ent- 
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sprechen, vorsieht, so daB in Ubereinstimmung 
mit den optischen AusgSngen bestimmt werden 
kann, ob die Probe ein biologisches Objekt oder 
eine Nachbildung ist. 

5 

5. Biologisches Detektiersystem, mit: 

einer Lichtquelle (1, 41); 

einem optischen Kondensiersystem (2, 
42) zum Kondensieren eines Lichtstrahls (L^ von 
der Lichtquelle und Einstrahlen auf die Oberfla- 10 
che einer mit einem Lichtf leek zu detektierenden 
Probe (5, 40); 

einem optischen Abbildungssystem (3, 
44) zum Kondensieren von Licht (L 2 ')» das von ei- 
nem bestrahlten Tell der Probe ref lektiert und ge- 15 
streut wird, und Abbilden eines Bildes des be- 
strahlten Teils an einer vorherbestimmten Stelie; 

einer Lichtdetektoreinrichtung (4A, 45a ? 
45b) t die an der vorherbestimmten Stelie ange- 
ordnet ist, zum Detektieren des genannten Bil- 20 
des; und 

einer Einrichtung (64) zum Detektieren 
der Gro&e des Bildes des Lichts, das vom be- 
strahlten Teil reflektiert und gestreut wird, sowie 
Detektieren, ob das Zentrum (C,) einer Zone (R) 25 
der Probe, wo der einstrahlende Lichtstrahl re- 
flektiert und gestreut wird, von einem Zentrum 
(C2) des bestrahlten Teils verschoben ist, und 
Ausgeben eines Detektionssignals (J 2 , V L1 ), das 
die GroBe des Bildes und das Vorliegen Oder 30 
Fehlen der Verschie bung angibt, so daB in Uber- 
einstimmung mit dem Detektionssignalausgang 
bestimmt werden kann, ob die Probe ein biologi- 
sches Objekt Oder eine Nachbildung ist 

35 

6. Biologisches Detektiersystem nach Anspruch 5, 
beiwelchemdie Lichtdetektoreinrichtung umfa&t: 
eine Vielzahl von Lichtdetektoren (45a, 45b), die 
einander benachbart angeordnet sind, so daB 

das Bild des bestrahlten Teils uber Lichtempfan- 40 
gerflachen der Lichtdetektoren abgebildet wind, 
wobei die genannte Vielzahl von Lichtdetektoren 
optische Ausgange (Sa f Sb), die jeweils empfan- 
genen Lichtmengen entsprechen, vorsieht, so 
daB durch das Vergleichen der optischen Aus- 45 
gange mit vorherbestimmten Pegeln (Vth 1f Vth 2 ) 
bestimmt werden kann, ob die Probe ein biologi- 
sches Objekt oder eine Nachbildung Ist 

7. Biologisches Detektiersystem nach Anspruch 5, 50 
bei welchem die Lichtdetektoreinrichtung umfa&t: 
einen Lichtdetektor mit einer Lichtempfangerfla- 
che, die in eine Vielzahl von Zonen (45a, 45b) ge- 

teilt ist, so daft das Bild des bestrahlten Teils auf 
der Lichtempfangerf I ache abgebildet wird, wobei 55 
der Lichtdetektor getrennte optische Ausgange, 
die jeweils von der Vielzahl von Zonen empfan- 
genen Lichtmengen entsprechen, vorsieht, so 



daB durch das Vergleichen der optischen Aus- 
gange mit einem vorherbestimmten Pegel be- 
stimmt werden kann, ob die Probe ein biologi- 
sches Objekt oder eine Nachbildung ist. 

8. Biologisches Detektiersystem, mit: 

einer Lichtquelle (1, 51); 

einem ersten optischen System (2 A, 52, 
53) zum linearen Polarisieren und Kondensieren 
eines Lichtstrahls (Li) von der Lichtquelle, um auf 
die Oberf lache einer mit einem Lichtf leek zu de- 
tektierenden Probe (5, 50) einzustrahlen; 

einem zweiten optischen System (3A, 56, 
55) zum Kondensieren von Licht (L2"), das von ei- 
nem bestrahlten Teil der Probe reflektiert oder 
gestreut wird, und Polarisieren des kondensier- 
ten Lichts in zumindest einer vorherbestimmten 
Polarisationsrichtung; 

einer Lichtdetektoreinrichtung (4B, 58a, 
58b) zum Detektieren der Intensitat des polari- 
sierten Lichts (L3) vom genannten zweiten opti- 
schen System; und 

einer Einrichtung (59) zum Ausgeben ei- 
nes Detektionssignals (J 3 , VlJ, das einen Polari- 
sationszustand auf Basis der detektierten Licht- 
intensitat des von der genannten Lichtdetektor- 
einrichtung detektierten, polarisierten Lichts an- 
zeigt, so daB gemaB dem Detektionssignal be- 
stimmt werden kann, ob die Probe ein biologi- 
sches Objekt oder eine Nachbildung ist. 

9. Biologisches Detektiersystem nach Anspruch 8, 
bei welchem das zweite optische System (60) 
das kondensierte Licht in zwei Licht strahlen teilt, 
wobei der Polarisationszustand des Lichts wie er 
ist auf rechterhalten wird, eine erste Komponente 
von einem der beiden Lichtstrahlen aufnimmt, 
wobei die Richtung der Polarisation der ersten 
Komponente gleich ist wie jene des einstrahlen- 
den Lichtstrahls, eine zweite Komponente des 
anderen der genannten beiden Lichtstrahlen auf- 
nimmt, wobei die Richtung der Polarisation der 
zweiten Komponente orthogonal zu jener der er- 
sten Komponente ist, und die erste und zweite 
Komponente der Lichtdetektoreinrichtung (58a, 
58b) zufuhrt, und bei welchem eine Komparator- 
einrichtung (59) ein Verhaltnis der ersten und 
zweiten Komponente berechnet, so daB durch 
das Vergleichen des berechneten Verhaltnisses 
mit einem vorherbestimmten Wert (Xo) bestimmt 
werden kann, ob die Probe ein biologisches Ob- 
jekt oder eine Nachbildung ist. 

10. Biologisches Detektiersystem nach Anspruch 1, 
bei welchem die Lichtdetektoreinrichtung zumin- 
dest einen Lichtdetektor zum Detektieren des 
biologisches Objekts umfaBt. 
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11. Fingerabdruck-Kollationiersystem unterVer wen- 
dung eines biologisches Detektiersystems nach 
einem der Anspruche 1 bis 1 0, wobei das Finger- 
abdruck-KoIlat ion iersys tern nur dann, wenn die 
vom biologischen Detektiersystem detektierte 
Probe ein authentischer Finger ist, ein Muster 
des Fingers in Bilddaten umwandelt, und die um- 
gewandelten Bilddaten mit vorher registrierten 
Fingerabdruck-Bilddaten vergleicht, um densel- 
ben zu identif izieren. 

12. Fingerabdruck-Bildeingabevorrichtung, welche 
umfaBt: eine Lichtquelle (13) zum vollstandigen 
Beleuchten einer mit Lichtzu detektierenden Pro- 
be (5, 10), und eine Einrichtung (62, 64) zum op- 
tischen Identif izieren von Licht, das durch U n re- 
gel m§ Rig keiten auf der Oberf l§che der Probe ge- 
streutwird, umeinen Fingerabdruck der Probe zti 
detektieren, dadurch gekennzeichnet, daB die 
Vorrichtung auch umfa&t: 

eine Eingitterlinse (80) zum Empfangen 
von Licht zum Einstrahlen auf die Probe, wobei 
diegenannte Eingitterlinse ubertragenes und ge~ 
beugtes Licht (Lt), welches das Licht zum voll- 
standigen Beleuchten der Probe bildet, und einen 
Fleck des zur Probe orientierten Lichtstrahls vor- 
sieht; und 

ein optisches Abbildungssystem (69, 67) 
zum Abbilden des Bildes eines Flecks auf der 
Probe, auf die der Lichtstrahlfleck eingestrahlt 
wird, um auf Basis der GroBe und Position des 
Flecks im Bildzu beurteilen, ob die Probe ein bio- 
logisches Material Oder eine Nachbildung ist. 

13. Fingerabdruck-Bildeingabevorrichtung nach An- 
spruch 12, bei welcher das von der Gitterlinse 
ubertragene Licht das Licht zum vollstandigen 
Beleuchten der Probe bildet, und das von der Git- 
terlinse gebeugte Licht den Fleck des zur Probe 
orientierten Lichtstrahls bildet. 

14. Fingerabdruck- Bildeingabevorrichtung nach An- 
spruch 12, bei welcher das von der Gitterlinse 
ubertragene Licht den Fleck des zur Probe orien- 
tierten Lichtstrahls bildet, und das von der Gitter- 
linse gebeugte Licht das Licht zum vollstandigen 
Beleuchten der Probe bildet. 

15. Fingerabdruck-Bildeingabevorrichtung nach An- 
spruch 12, bei welcher die genannte Eingitterlin- 
se nur einen Teil des Lichts zum Einstrahlen auf 
die Probe empfangt, wobei die Eingitterlinse ge- 
beugtes Licht bildet, das sowohl das Licht zum 
vollstandigen Bestrahlen der Probe als auch den 
Fleck des zur Probe orientierten Lichtstrahls vor- 
sieht 

16. Fingerabdruck-Bildeingabevorrichtung nach An- 



spruch 15, bei welcherdas von der Gitterlinse ge- 
beugte Licht das Licht zum vollstandigen Be- 
strahlen der Probe bildet. 

5 17. F ingerabdruck-Bildeingabe vorrichtung nach An- 
spruch 15, bei welcherdas von der Gitterlinse ge- 
beugte Licht den Fleck des zur Probe orientierten 
Lichtstrahls bildet. 

10 18. F ingerabdruck-Bildeingabe vorrichtung nach An- 
spruch 12, welche ferner einen trans parenten 
Lichtf uhrungskorper (63), auf dem die zu detek- 
tieren de Probe angeordnet ist, umfa&t. 

15 19. Fingerabdruck-Bildeingabevorrichtung nach An- 
spruch 18, bei welcher die genannte Gitterlinse 
am transparenten Lichtf uhrungskorper angeord- 
net ist. 

20 20. Fingerabdruck-Bildeingabevorrichtung nach An- 
spruch 19, bei welcher der genannte transparen- 
te Lichtf uhrungskorper eine geneigte Flache 
(63a), auf die Licht einfallt, aufweist. 

25 21. Fingerabdruck-Bildeingabevorrichtung nach An- 
spruch 20, bei welcher die genannte Gitterlinse 
an der geneigten Flaxhe gebildet ist. 

22. Fingerabdruck-Bildeingabevorrichtung nach An- 
30 spruch 1 8, bei welcher eine Breite des Lichts, das 

auf eine Grenzflache zwischen dem transparen- 
ten Lichtf uhrungskorper und derdarauf angeord- 
neten Probe eingestrahlt wird, breiter ist als ein 
Spalt zwischen Hautleisten eines Fingerabdruck- 
35 musters der Probe. 

23. Fingerabdruck-Bildeingabevorrichtung nach An- 
spruch 22, bei welcher die eingestrahlte Licht- 
breite grd&er ist als 1 mm. 

40 

24. F ingerabdruck-Bildeingabe vorrichtung nach An- 
spruch 22, bei welcher die Breite des eingestrahl- 
ten Lichts durch den Durchmesser des Licht- 
strahlfiecks reprasentiert wird. 

45 

25. Fingerabdruck-Bildeingabevorrichtung nach An- 
spruch 18, welche ferner einen gemeinsamen 
Lichtdetektor, auf den sowohl das optische Iden- 
tif ikationssignallicht als auch der Fleck des von 

50 der Probe reflektierten Lichts einfallen, umfa&t. 

26. Fingerabdruck-Bildeingabevorrichtung nach An- 
spruch 25, welche ferner umfa&t: eine erste Licht- 
quelle zum Beleuchten der Probe, die in Form ei- 

55 nes auf dem transparenten Lichtf uhrungskorper 

angeordneten Fingerabd rucks vorliegt, zum Ab- 
bilden eines Bildes des Fingerabdrucks, und eine 
zweite Lichtquelle zum Beleuchten der Probe im 
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wesentlichen an einem Punkt mit dem Licht- 
strahlfleck, um ein Fleckbild des Beleuchtungs- 
punkts auf dem Fingerabdruck abzubilden. 

27. Fingerabdruck-Bildeingabevorrichtung nach An- 5 
spruch 26, bei welcher die genannte erste Licht- 
quelle und die zweite Lichtquelle abwechselnd 
Licht emittieren. 

28. Fingerabdruck-Bildeingabevorrichtung nach An- 10 
spruch 26, bei welcher die genannte erste Licht- 
quelle und die zweite Lichtquelle unterschiedli- 

che Wellenlangen aufweisen. 

29. Fingerabdruck-Bildeingabevorrichtung nach An- 15 4. 
spruch 28, bei welcher die genannte erste Licht- 
quelle und die zweite Lichtquelle im wesentlichen 
gleichzeitig Licht emittieren. 



Revendications 

1 . Systems de detection biologique comprenant : 

une source de lumiere (1,13); 

un systems optique condenseur (2, 21a) 25 
pour condenser un faisceau lumineux (L|) de la 
source de lumiere et pour irradier la surface d'un 
echantillon (5, 10) a detecter par un spot de lu- 5. 
miere ; 

un systeme optique d'imagerie (3, 22a) 30 
pour condenser la lumiere (La) ret lechie et disper- 
ses par une partie irradiee de rechantillon et pour 
former une image de la partie irradiee dans un 
emplacement predetermine ; 

un dispositif photodetecteur (4, 14) dispo- 35 
se audit emplacement predetermine pour detec- 
ter ladite image ; et 

un dispositif (15, 16) pour detecter la taille 
de I'image de la lumiere reflechie et dif fusee de 
la partie irradiee et pour fournir un signal de de- 40 
tection (J 1t VJ indiquant la taille detectee, de sor- 
te que rechantillon peut etre determine St re un 
objet biologique ou une copie. 

2. Systeme de detection biologique selon la reven- 45 
dication 1 , dans lequel le dispositif photodetec- 
teur comprend un photodetecteur ayant une face 

de reception de lumiere divisee en une plural ite 
de zones (P 1t P 2 , P 3 ) de sorte que I'image de la 
partie irradiee estformee sur la face de reception so 
de lumiere, le photodetecteur fournissant des 
sorties optiques separees (S 1( S 2 , S 3 ) qui corres- 
pondent respectivement a des quantites de lu- 
miere recue par la plural ite de zones. 

55 6. 

3. Systeme de detection biologique selon la reve in- 
dication 2, dans lequel ledrt photodetecteur a 
trois zones de reception de lumiere <P t , P 2 , P 3 ), 



et dans lequel le systeme comprend en outre un 
premier amplif icateur operationnel (15) ayant un 
gain k pour ('amplification des sorties optiques 
de deux des zones de reception de lumiere (S 1( 
S 3 ) et un second amplif icateur operationnel (16) 
ayant une entree positive reliee a la sortie (k (S t 
+ S 3 )) du premier amplif icateur operationnel, et 
une entree negative reliee a la sortie optique (S2) 
de la zone de reception de lumiere entre lesdites 
deux zones de reception de lumiere, de sorte que 
I'echantillon peut etre determine etre un objet 
biologique ou une copie par la sortie (kfS, + S 3 ) 
- S 2 ) du second amplif icateur operationnel. 

Systeme de detection biologique selon la reven- 
dication 1 , dans lequel le dispositif photodetec- 
teur comprend une pluralite de photodetecteurs 
disposes au voisinage Tun de I'autre de sorte que 
I'image de la partie irradiee est formee sur les fa- 
ces de reception de lumiere des photodetecteurs, 
la pluralite des photodetecteurs fournissant des 
sorties optiques correspondents respectivement 
a des quantites de lumiere recue, de sorte que 
rechantillon peut etre determine etre un objet 
biologique ou une copie selon les sorties opti- 
ques. 

Systeme de detection biologique comprenant : 
une source de lumiere (1, 41) 
un systeme optique condenseur (2, 42) 
pour condenser un faisceau de lumiere (L^ de la 
source de lumiere et pour irradier la surface d'un 
echantillon (5, 40) a detecter avec un spotde lu- 
miere ; 

un systeme optique d'imagerie (3, 44) 
pour condenser la lumiere (L 2 ') ref lechie et dif fu- 
see par une partie irradiee de I'echantillon et pour 
former une image de la partie irradiee a un em- 
placement predetermine ; 

un dispositif photodetecteur (4A, 45a, 
45b) dispose sur I'em placement predetermine 
pour detecter ladite image ; et 

un dispositif (64) pour detecter la taille de 
I'image de la lumiere r6f I6chie et diff usee par la 
partie irradiee ainsi que pour detecter si le centre 
(Ci) d'une zone (R) de I'echantillon ou le faisceau 
de lumiere d'irradiation est reflechie et diffuses 
est deplace d'un centre (CJ de la partie irradiee, 
et pour fournir un signal de detection (J 2 , V L1 ) in- 
diquant la taille de I'image etla presence ou I'ab- 
sence du defacement, de sorte que rechantillon 
peut etre determine etre un objet biologique ou 
une copie selon la sortie du signal de detection. 

Systems de detection biologique selon la reven- 
dication 5, dans lequel le dispositif photodetec- 
teur comprend une pluralite de photodetecteurs 
(45a, 45b) disposes au voisinage I'un de I'autre 



19 



# • 



37 EP 0 359 

de sorte que I'image de la partie irradiee est for- 
mee sur des faces de reception de I u mi ere des 
photodetecteurs, la plural ite de photodetecteurs 
fournissant des sorties optiques (Sa, Sb) corres- 
pondant respectivement a des quantites de lu- 5 
miere recue, de sorte que I'echantillon peut etre 
determine dtre un objet biologique ou une copie 
en comparant les sorties optiques avec des ni- 
veaux predetermines (Vth 1f Vth^. 

10 

7. Systeme de detection biologique selon la reven- 
dication 5, dans lequel le dispositif photodetec- 
teur ayant une face de reception de lumiere divi- 
see en une plural ite de zones (45a, 45b) de sorte 

que I'image de la partie irradiee est formee sur la 15 
face de reception de lumiere, le photodetecteur 
fournissant des sorties optiques separees qui 
correspondent a des quantites de lumiere recue 
par la plural ite de zones, de sorte que I'echantil- 
lon peut etre determine etre un objet biologique 20 
ou une copie en comparant les sorties optiques 
avec un niveau predetermine. 

8. Systeme de detection biologique comprenant : 

une source de lumiere (1, 51) ; 25 

un premier systeme optique (2A, 52, 53) 
pour polariser de facon lineaire et condenser un 
faisceau de lumiere (l_0 de la source de lumiere 
pour irradier la surface d'un echantillon (5, 50) a 
detecter avec un spot de lumiere ; 30 

un second systeme optique (3A, 56, 55) 
pour condenser la lumiere (L 2 ") reflechie et diff u- 
see par une partie irradiee de I'echantillon et pour 
polariser la lumiere condensee dans au moins 
une direction de polarisation predeterminee ; 35 

un dispositif photodetecteur (4B, 58a, 
58b) pour detecter I'intensite de la lumiere pola- 
risee (L 3 ) dud it second systeme optique ; et 

un dispositif (59) pour fournir un signal de 
detection (J 3 , V^) indiquant un etat de polarisa- 40 
tion sur la base de I'intensite de lumiere detectee 
de la lumiere polarisee detectee par tedit disposi- 
tif photodetecteur, de sorte que I'echantillon peut 
etre determine etre un objet biologique ou une 
copie selon le signal de detection. 45 

9. Systeme de detection biologique selon la reven- 
dication 8, dans lequel le second systeme opti- 
que (60) divise la lumiere condensee en deux 
faisceaux optiques tout en maintenant I 'etat pola- 50 
rise de la lumiere tel qu'il est, capte une premiere 
composante de Tun des deux faisceaux de lumie- 
re, la direction de polarisation de la premiere 
composante etant la meme que celle du faisceau 

de lumiere d'irradiation, capte une seconde 55 
composante de I'autre desdits deux faisceaux de 
lumiere, la direction de polarisation de la seconde 
composante etant orthogonale a celle de la pre- 
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miere composante, et four nit la premiere et la se- 
conde composante au dispositif photodetecteur 
(58a, 58b), et dans lequel un dispositif compara- 
teur (59) calcule un rapport des premiere et se- 
conde composantes, de sorte que I'echantillon 
peut etre determine St re un objet biologique ou 
une copie en comparant le rapport calcule avec 
une valeur predeterminee (Xo). 

10. Systeme de detection biologique selon la reven- 
dication 1 , dans lequel le dispositif photodetec- 
teur comprend au moins un photodetecteur pour 
detecter I'objet biologique. 

11. Systeme de comparaison d'empreintes digitales 
utilisant un systeme de detection biologique se- 
lon I'une quelconque des revendications 1 a 1 0, 
le systeme de comparaison d'empreintes conver- 
tissant, seulement lorsque I'echantillon detects 
par le systeme de detection biologique est un 
doigt veritable, un dessin de doigt en des don- 
nees d' image et comparant les donnees de I'ima- 
ge convert ie avec des donnees d 'image d'em- 
preintes digitales precSdemment enregistrees 
pour identifier celles-ci. 

12. Apparel I d'entree d' image d'empreintes digitales 
comprenant une source de lumiere (13) pour 
eclairer entierement un echantillon (5, 10) a de- 
tecter avec de la lumiere et un dispositif (62, 64) 
pour identifier de maniere optique la lumiere dif- 
fused par des irregularites de la surface de 
I'echantillon pour detecter une empreinte digitals 
de I'echantillon, caracterise en ce que I'appareil 
comprend aussi : 

une lentille unique de diffraction (80) pour 
recevoir de la lumiere pour irradier i'echantillon, 
lad ite lentille de diffraction unique fournissant la 
lumiere transmtse et la lumiere diff ractee (U) qui 
forme la lumiere pour eclairer entierement 
i'echantillon et un spot du faisceau de lumiere 
orients vers I'echantillon ; et 

un systeme optique d'imagerie (69, 67) 
pour former I'image d'un spot sur I'echantillon 
irradie avec le spot de faisceau de lumiere, pour 
juger, sur la base de la taille et de la position du 
spot dans I'image, si I'echantillon est une matiere 
biologique ou une copie. 

13. Appareil d'entree d'image d'empreintes digitales 
selon la revendication 12, dans lequel la lumiere 
transmise par la lentille de diffraction forme la lu- 
miere pour eclairer entierement I'echantillon, et la 
lumiere diff ractee par la lentille de diffraction for- 
me le spot du faisceau de lumiere oriente sur 
I'echantillon. 

14. Appareil d'entree d'image d'empreintes digitales 
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selon la revendication 12, dans tequel la lumiere 
transmise de la lentille de diffraction forme le 
spot du faisceau de lumiere orients sur I'echan- 
tillon, et la lumiere diffractee par la lentille de dif- 
fraction forme la lumiere pour eclairer entiere- 5 
ment I'echantillon. 



de la lumiere irradiee est plus grande qu'1 mm. 

24. Appareil d'entree d' image d'empreintes digitales 
selon la revendication 22, dans lequel la largeur 
de la lumiere irradiee est representee par le dia- 
metre du spot du faisceau de lumiere. 



15. Appareil d'entree d' image d'empreintes digitales 
selon la revendication 12, dans lequel ladite len- 
tille unique de diffraction recoit seulement une 
partie de la lumiere pour irradier I'echantillon, la 
lentille de diffraction fournissant de la lumiere 
diffractee qui forme toute lumiere pour irradier 
entiere ment I'echantillon et pour le spot du fais- 
ceau lumineux orients sur I'echantillon. 

16. Appareil d'entree d'image d'empreintes digitales 
selon la revendication 15, dans lequel la lumiere 
diffractee de la lentille de diffraction forme la lu- 
miere pour irradier entierement I'echantillon. 

17. Appareil d'entree d'image d'empreintes digitales 
selon la revendication 15, dans lequel la lumiere 
diffractee de la lentille de diffraction forme le 
spot du faisceau lumineux oriente sur I'echantil- 
lon. 

18. Appareil d'entree d'image d'empreintes digitales 
selon la revendication 12, comprenant en outre 
un corps de guidage de lumiere transparent (63) 
sur lequel est situs I'echantillon a detector. 

19. Appareil d'entree d'image d'empreintes digitales 
selon la revendication 18, dans lequel ladite len- 
tille de diffraction est formee sur le corps de gui- 
dage de lumiere transparent. 

20. Appareil d'entree d'image d'empreintes digitales 
selon la revendication 19, dans lequel ledit corps 
de guidage de lumiere transparent comporte une 
surface inclinee (63a) sur laquelle la lumiere est 
incidente. 



25. Appareil d'entree d'image d'empreintes digitales 
selon la revendication 18, comprenant en outre 
10 un photodetecteur classique sur lequel a la fois la 

lumiere du signal d'identification de facon opti- 
que et le spot de la lumiere ref lechie par I'echan- 
tillon sont incidents. 

15 26. Appareil d'entree d'image d'empreintes digitales 
selon la revendication 25, comprenant en outre 
une premiere source de lumiere pour eclairer 
I'echantillon qui est sous la forme d'une emprein- 
te digitate situee sur le corps transparent de gun 

20 dage de lumiere, pour former une image de I'em- 

preinte digitate, et une seconde source de lumie- 
re pour eclairer I'echantillon essentiellement en 
un point avec le spot de lumiere pour former une 
image du spot du point d'eclairement sur i'em- 

25 preinte digitale. 

27. Appareil d'entree d'image d'empreintes digitales 
selon la revendication 26, dans lequel lesdites 
premiere source de lumiere et seconde source de 

30 lumiere emettent alternativement de la lumiere. 

28. Appareil d'entree d'image d'empreintes digitales 
selon la revendication 26, dans lequel lesdites 
premiere source de lumiere et seconde source de 

35 lumiere ont des longueurs d'onde differentes. 

29. Appareil d'entree d'image d'empreintes digitales 
selon la revendication 28, dans lequel la premiere 
source et la seconde source de lumiere emettent 

40 de la lumiere essentiellement simultanement. 



21. Appareil d'entree d'image d'empreintes digitales 

selon la revendication 20, dans lequel ladite len- 45 
tille de diffraction est formee sur la surface incli- 
nee. 



22. Appareil d'entree d'image d'empreintes digitales 

selon la revendication 18, dans lequel une lar- so 
geur de lumiere irradiee sur une interface entre 
le corps transparent de guidage de lumiere et 
I'echantillon situe sur celui-ci est plus large que 
l'es pace entre des stries d'un dessin d'empreinte 
digitale de I'echantillon. 55 



23. Appareil d'entree d'image d'empreintes digitales 
selon la revendication 22, dans lequel la largeur 
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